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THE  EVOLUTION  OP  INDUSTRIAL  LAND  USE  WITHIN 

THE  KNOXVILLE  METROPOLITAN  REGION:   AN  ANALYSIS 

USING  AERIAL  PHOTOGRAPHY  AND  HISTORICAL  DATA 

FOR  THE  PURPOSE  OF  LAND  USE  MODELING 

By 

Robert  B.  Honea 

March,  1975 

Chairman:   Dr.  Clark  I.  Cross 
Major  Department:   Geography 

This  research  effort  represents  a  portion  of  a  much  larger 
research  goal,  the  identification  of  the  determinants  affecting  land 
use  change.   This  study  focuses,  however,  upon  only  one  aspect  of  this 
problem,  the  conversion  of  land  to  industrial  use.   fhe  approach 
assumes  that  the  determinants  of  the  land  use  conversion  process  are 
found  in  the  "market  place,"  where  land  transactions  among  buyers  and 
sellers  occur.   Only  one  side  of  the;  market  transaction  process  is 
studied,  however,  namely  that  of  the   purchaser's  desires  (in  this 
case,  the  industrial  developer)  in  securing  an  ideal  or  suitable  site. 
The  problem  was  to  identify  the  ideal  qualities,  quantities  or  attri- 
butes desired  in  an  industrial  site  and  to  formulate  a  general  algo- 
rithmic statement  to  identify  potential  industrial  sites. 

Research  procedures  involved  the  developing  of  a  list  oF  variables 
previously  noted  in  the  literature  to  be  related  to  industrial  site 
selection  and  streamlining  the  list  to  a  set  suitable  for  statistical 
testing.   A  sample  of  157  industries  which  have  located  (or  relocated) 
in  the  16-county  Knoxville  metropolitan  region  since  1950  was  selected 
for  analysis.   U^sug  current  and  W  stooi  ia]  aerial  rihotocirachy  data 


were   collected  on  the  location  characteristics  of  each  industrial 
site.   These  data  were  then  subjected  to  factor  analysis  to  determine 
the  interrelations  of  variables,  to  minimize  the  list  of  variables 
needed  to  describe  the  industrial  site-selection  process,  and  to 
determine  if  the  preconceived  ideas  concerning  the  factors  affecting 
the  process  were  valid.   Seven  factors  accounting  for  72  percent  of 
the  variance  found  in  the  original  data  were  identified. 

The  30  variables  studied  did  not  group  as  previously  conceived 
but  nevertheless  the  factors  present  a  logical  arrangement  of  vari- 
ables.  Four  factors  are  almost  singularly  identified  by  accessibility 
characteristics.   Reexamination  of  the  accessibility  factors  indicates 
they  could  be  combined,  thereby  reducing  the  number  of  indexes  to  two 
or  three.   The  results  suggest  that  a  zoned  or  designated  place  for 
industry  to  locate,  open  space  suitable  for  industrial  development, 
and  accessibility  to  the  site  are  the  three  most  important  considera- 
tions in  industrial  site-selection  decisions.   Any  algorithm  intended 
to  simulate  industrial  land  use  conversion  should  be  constructed  with 
these  parameters  as  major  components. 


CHAPTER  I 
INTRODUCTION 

Problem  Background 

Most  urban  and  regional  planners  seek  to  answer  the  question, 
"What  would  happen  if  .  .  .  ?"  The  answer  is  not  simply  determined. 
"Even  though  equipped  with  the  best  information  system,  no  .  .  . 
decision  maker,  however  adept,  can  anticipate  or  visualize  the  many 
relationships  which  must  be  considered  in  a  comprehensive,  regional 
plan."1   If,  however,  we  could  specify  the  correct  development  pro- 
cesses and  represent  them  symbolically  as  a  set  of  equations,  the 
computer  can  approximate  through  simulation,  years  of  regional 
growth  in  a  matter  of  minutes.   Before  we  can  accurately  simulate 
regional  growth,  the  development  processes  must  first  be  defined  and 
understood,  and  by  observing  the  limited  success  of  previous  land  use 
modeling  efforts  we  become  acutely  aware  that  we  do  not  sufficiently 
understand  them. 


1Charles  R.  Meyers,  Jr.,  "New  Tools  for  Regional  Planning,"  AIA 
Journal ,  October,  1971,  p.  1. 

2Models  should  not  be  judged  simply  on  a  success-failure  basis 
but  rather  in  terms  of  the  models'  ability  to  answer  questions  about 
real  world.   In  the  past,  some  models  have  been  more  successful  than 
others.   For  a  review  of  previous  modeling  efforts  one  should  consult: 
Ira  S.  Lowry,  Seven  Models  of  Urban  Development:   A  Structural  Com- 
parison (Santa  Monica,  California:   RAND  Corporation,  1967);  B.  W. 
Mar  and  W.  T.  Newell,  Assessment  of  Selected  RAN'N  Environmental  Modeling 
Efforts.   A  report  prepared  for  the  Environmental  Systems  and  Resources 


We  would  expect  land  use  change  or  growth  to  be  stimulated  or 
brought  about  by  certain  "triggering"  events  or  mechanisms.   Many 
early  land  use  modeling  efforts  assumed  the  "triggering"  mechanism  to 
be  brought  about  by  the  location  of  new  industry.   We  now  recognize 
that  other  stimulating  mechanisms  such  as  improvements  in  transpor- 
tation or  expanding  demand  for  personal  services  also  may  prompt 
regional  growth.   This  research  problem,  however,  is  predicated  upon 
the  assumption  that  industry  (specifically  export  industry)  is  the 
major  stimulus  for  urban  and  regional  growth  and  thus  deserves  initial 
consideration  in  any  modeling  effort. 

Brown  et  al.  recognized  "the  critical  importance  of  industrial 

location.  .  .yet  land-use  modelers  have  devoted  surprisingly  little 

4 
effort  to  analyzing  the  determinants  of  industrial  location."   Only 

a  few  research  efforts  have  made  serious  attempts  to  model  the  basic 

determinants  of  industrial  location  choices  and  "for  the  most  part 

these  attempts  have  been  quite  limited  and  crude."   The  focus  of 


Division,  National  Science  Foundation  (Seattle:   University  of  Washing- 
ton, June,  1973);  and  0.  Stradel  and  B.  G.  Hutchinson,  Notes  for  a 
Short  Course  on  Practical  Applications  of  Regional  Development  Models 
(Waterloo,  Ontario:   University  of  Waterloo,  The  Transport  Group, 
Department  of  Civil  Engineering,  November,  1971). 

- 
Homer  Hoyt  was  among  the  first  urban  economists  to  study  the 
growth  and  development  of  urban  land.   His  primary  axiom  was  that  "no 
city  could  grow  by  taking  in  its  own  wash."  Homer  Hoyt,  The  Structure 
and  Growth  of  Residential  Neighborhoods  in  American  Cities  (Washington. 
D.  C:   U.  S.  Government  Printing  Office,  1939). 

James  H.  Brown  and  others,  Empirical  Models  of  Urban  Land  Use: 
Suggestions  on  Research  Objectives  and  Organizations,  Exploratory 
Report  6  (New  York:   Columbia  University  Press,  1972),  p.  82. 

5Ibid. 


this  study  is  on  the  conversion  of  land  from  prior  uses  to  industrial 
use . 

St atemen.t  of  Problem 

An  initial  requisite  of  any  model  purporting  to  replicate  and 
predict  industrial  land  use  development  is  the  identification  of  those 
land  parcels  having  the  greatest  probability  to  change  to  industrial 
land  use.   It  is  necessary,  therefore,  to  construct  an  algorithm  which 
calculates  the  suitability  of  some  land  parcel  for  a  specific  indus- 
trial land  use.   The  primary  objective  of  this  research  effort  is  to 
develop  a  site-selection  algorithm  vvhich  identifies  land  parcels 
having  the  highest  probability  of  attracting  industrial  land  use. 
More  specifically  this  research  attempts  to  identify  and  measure  the 
importance  of  the  intrinsic  site  characteristics  which  appear  to 
control  the  conversion  of  land  to  industrial  use  within  the  16-county, 
Knoxville  metropolitan  region  and  to  formulate  a  simulation  algorithm 
to  identify  potential  industrial  sites. 

Problem  Operationalization 

Intrinsic  site  characteristics  refer  to  the  qualities  possessed 
by  some  land  parcel  which  identify  its  suitability  for  a  specific  land 
use.   In  the  case  of  industrial  land  use,  examples  of  some  of  the 
attributes  which  should  be  examined  are:   proximity  to  rail  service; 
access  to  nearby  highways;  site  preparation  costs;  availability  of 
city  services;  or  whether  the  site  is  within  a  developed  industrial 
park.   The  importance  of  these  attributes  may  be  measured  and  subse- 
quently aggregated  to  form  a  combined  measure  or  index. 


The  following  is  a  list  of  indexes  which  are  often  identified  as 
affecting  industrial  land  use  choices: 

Site  Preparation  Costs--The  cost  of  converting  rural  or  open 

land  to  manufacturing  use.  Matters  which  might  be  taken 

into  account  are  foundation  conditions,  drainage  conditions, 

slope  of  the  land,  and  type  of  vegetation  cover.  This 

factor  does  not  include  the  purchase  price  of  the  land. 

Market  Price  of  Land--The  per-acre  cost  of  land  to  the 
manufacturer  who  wishes  to  build  a  new  plant  or  expand  his 
existing  plant.   This  would  include  property  taxes  but  not 
necessarily  taxes  on  improvements  to  the  property. 

Proximity  to  Suitable  Labor  Force--The  number  of  suitable 
workers  within  easy  access  of  the  site. 

Transportation  Accessibility--The  ease  with  which  people  or 
materials  can  be  moved  from  the  plant  site  to  roads,  rail- 
roads, airports,  or  waterways.   In  this  factor,  the  concern 
is  with  the  linkage  between  the  plant  and  major  transporta- 
tion facilities  within  the  immediate  area. 

Utilities- -The  kinds  and  quality  of  utilities  available  at 
the  potential  plant  site.   Some  utilities  which  might  be 
considered  are  water,  sewer,  and  gas. 

Compatibility  with  Existing  Land  Uses--The  compatibility  of 
general  manufacturing  activity  with  other  existing  land  uses 
adjacent  to  the  potential  site. 

Neighborhood  or  Community  Attractiveness  and  Amenities- - Th e 
condition  and  density  of  dwelling  units  and  business  estab- 
lishments in  the  immediate  area  of  the  plant  site,  and 
proximity  to  hospitals,  schools,  parks,  and  churches. 

Industrial  Park  Space--The  availability  of  suitable  buildings 
or  land  in  an  industrial  park.   The  appearance  of  the  park 
and  the  quality  of  services  produced  are  some  of  the  con- 
siderations to  be  examined. 

This  list  was  compiled  from  both  a  review  of  literature  and 

preliminary  study.   Each  factor  is  a  composite  of  several  variables 

collectively  identified  as  an  index.   Particular  combinations  of 

variables  are  not  unique  but  simply  represent  logical  groupings  based 


upon 


the  literature  search.   It  is  convenient  for  the  purpose  of  this 


study  to  utilize  this  list  as  a  beginning  point  to  be  refined  after 

further  stud)'. 

Each  index  posited  is  considered  to  reflect  an  information  unit 

to  be  evaluted  in  the  selection  of  industrial  sites  at  the  intra-urban 

scale.   By  combining  these  indices  it  is  possible  to  develop  an 

aggregate  measure  of  the  suitability  of  a  site  for  industrial  use. 

Before  doing  so,  however,  a  weight  should  be  attached  to  each  index  to 

reflect  its  relative  importance  in  the  location  decision.   A  general 

mathematical  form  for  the  site  selection  algorithm  follows: 

N 
LUS 


>„  =  )"  W.  „  I.  „  ; 
I        .L\      x.l     i,2    ' 
i=l 


where   LUS  =  Attractiveness  score  for  land  use  category  2, 
(in  this  case  2.   =  industrial  land  use), 

N  =  Number  of  Indices, 

IV.    =  Index  weight  for  the  i   index  and  the  I        land 
'  '   use  category,  and 

T      • th  .  ,   _    .   „ th  ,   ,  6 

I.  .  =  l   index  for  the  2,        land  use  category. 

Model  Operation 

In  modeling  industrial  land  use  development  attractiveness  scores 
arc  utilized  in  the  following  manner:   Projected  industry  growth 


Oak  Ridge  National  Laboratory,  Regional  Environmental  System 
Analysis,  A  Research  Proposal  Submitted  to  the  National  Science 
Foundation,  Research  Applied  to  National  Needs  (RANN)  Feb.  1,  1973, 
p.  9. 

7 
Land  use  models  are  constantly  evolving  and  thus  one  can  only 

speak  of  the  framework  of  the  model  in  a  hypothetical  manner.   This 

may  or  may  not  become  the  structure  of  the  model  and  represents  only 

a  tentative  view  as  to  the  operating  manner  of  the  model. 


provided  via  a  socioeconomic  model  is  distributed  initially  to  various 
subregions  through  a  subregional  allocation  algorithm.   Industrial 
expansion  within  the  subregion  is  distributed  to  available  land  par- 
cels on  the  basis  of  attractiveness  scores  calculated  in  the  above 
manner.   The  availability  of  various  land  parcels  is  determined  from 
knowledge  of  the  probability  that  specific  land  parcels  will  be 

Q 

offered  for  consumption. 

The  land  use  model  as  presently  conceptualized  is  perhaps  best 
characterized  as  a  stochastic  (Monte  Carlo)  model.   Projected  growth 
in  land  use  will  be  awarded  to  various  land  parcels  tin  the  basis  of 
the  land  use  scores  (LUS  ) .   Basically,  however,  the  model  is  heuris- 
tic in  that  as  the  land  use  conversion  processes  are  better  under- 
stood, analytic-deterministic  procedures  will  be  substituted  for 
simulation-stochastic  procedures . 

Motivation  for  Study 

It  has  been  noted  that  "urban  spatial  organization  is  the  outcome 
of  a  process  which  allocates  activities  to  sites.   In  our  society, 


8The  assumption  that  all  land  is  potentially  available  is  not  a 
valid  premise  in  that  not  all  property  owners  are  willing  to  sell 
property.   Cadastral  data  and  ownership  characteristics  necessary  to 
develop  a  site-availability  algorithm  are  not  readily  available  and, 
therefore,  very  few  land  use  models  have  included  this  consideration. 
The  sociopolitical  modeling  team  at  Oak  Ridge  National  Laboratory  is 
currently  studying  the  methods  whereby  local  opinion  and  knowledge  of 
owner  characteristics  may  be  utilized  to  identify  land  parcels  which 
may  be  available  for  various  land  use  activities.   See:   Osbin  L. 
Ervin  and  Charles  R.  Meyers,  Jr.,  The  Utilization  of  Local  Opinion 
on  Land  Use  Simulation  Modeling:   A  Delphi  Approach  (Oak  Ridge, 
Tennessee:   Oak  Ridge  National  Laboratory,  ORNL-NSF  Environmental 
Program,  1975).   Olaf  Helmar,  The  Delphi  Method  for  Systemizing 
Judgments  about  the  Future  (Los  Angeles:   University  of  California, 
April,  1966). 


the  process  is  mainly  one  of  transactions  between  owners  of  real 

estate  and  those  who  wish  to  rent  or  purchase  space  for  homes  and 

9 
businesses."   The  market  process  of  "transactions  between  willing 

buyers  and  willing  sellers  determines  the  spatial  organization  of 

urban  activities  ..."  and  thus  should  dictate  the  methodological 

structure  of  land  use  models. 

The  market  place  however  is  not  perfect.   Individual  land  specu- 
lation, family  or  corporate  property  gifts,  over-building  by  contrac- 
tors, land  use  planners  over-estimating  demand,  governments  exercising 
property  rights,  the  tendency  for  land  uses  to  remain  intact  and  the 
perpetuation  of  mistakes  rather  than  corrections,  all  spoil  the  simple 
modeling  of  market  transactions.   However,  after  investigating  numerous 
approaches  toward  modeling  land  use  development,  the  market  place 
appears  to  be  the  most  viable  way  to  approach  the  simulation  of  urban 
activities.1   The  site-selection  algorithm  seeks  only  to  replicate 
the  buyer's  considerations  in  selecting  an  adequate  industrial  site. 
Seller  considerations  and  market  perturbations  are  not  considered  at 
this  time. 

The  results  of  this  research  effort  are  intended  to  integrate 
with  a  "holistic"  environmental  model  to  be  developed  later.   The 
motivation  which  stimulated  this  research  problem,  however,  was  the 


9John  P.  Crecine,  Computer  Simulation  in  Urban  Research  (Santa 
Monica,  California:   The  RAND  Corporation,  1967),  p.  2. 

Ira  S.  Lowry,  Seven  Models  of  Urban  Development:   A  Structural 
Comparison  (Santa  Monica,  California:   The  RAND  Corporation,  1967), 
p.  5. 

Ibid. 


desire  to  understand  the  land  use  development  process.   After  some 
preliminary  analysis  and  review  of  previous  research  it  became  appar- 
ent that  understanding  and  modeling  land  use  change  contained  problems 
to  occupy  several  dissertations.   The  decision  was  made,  therefore,  to 
focus  upon  one  aspect  of  the  land  use  evolutionary  process,  the  develop- 
ment of  industrial  land  use,  in  the  hope  that  by  expanding  the  under- 
standing of  this  process,  rigor  could  be  added  to  the  eventual 
development  of  a  comprehensive  land  use  model. 

Organization  of  Study 

The  organization  of  this  study  is:   the  present  chapter  attempts 
to  introduce  the  reader  to  the  research  problem  and  to  rationalize  the 
need  for  the  study.   Chapter  II  discusses  the  literature  from  which  a 
tentative  list  of  site-selection  variables  was  developed.   In  Chapter 
III,  the  test  region  is  described  and  the  research  methodologies  and 
procedures  explained.   Chapter  IV  presents  the  results  of  an  empirical 
study  conducted  to  identify  and  determine  the  relative  importance  of 
various  location  factors  in  the  16-county  Knoxville  region.   Finally, 
Chapter  V  summarizes  the  conclusions  derived  from  the  empirical  study 
and  presents  recommendations  for  the  construction  of  a  site-selection 
algorithm  and  recommendations  for  further  research. 


CHAPTER  II 

THEORETICAL  AND  EMPIRICAL  STUDIES  RELEVANT  TO 
THE  DEVELOPMENT  OF  INDUSTRIAL  SITE-SELECTION  ALGORITHM 


The  purpose  of  this  chapter  is  to  relate  to  this  research  effort 
ideas  expressed  within  selected  theoretical  and  empirical  studies  and 
to  discuss  the  evolution  of  the  indexes  listed  in  the  previous  chapter 
Discussion  of  some  works  may  be  abbreviated  depending  upon  their 
relevance  to  industrial  site-selection  processes.   Theoretical  works 
involving  classical  location  theory  are  discussed  first,  followed  by 
a  discussion  of  empirical  studies  of  industrial  location  factors. 
The  final  sections  discuss  approaches  utilized  in  other  land  use 
models  and  the  development  of  a  tentative  list  of  variables. 

Selected  Theoretical  Works 


The  location  of  industry  in  an  intrametropolitan  area  is  the 
result  of  a  complex  interaction  of  variables  that  can  best  be  under- 
stood only  through  careful  examination  of  historical  events.   Classi- 
cal location  theory,  however,  abstracts  from  reality  by  use  of  the 
principle  ceteris  paribus  where  one  or  two  variables  are  permitted  to 
vary  while  all  other  variables  are  held  constant.   Von  ThLinen's  and 
Weber's  studies  represent  early  contributions  to  location  theory  and, 
thus,  deserve  first  consideration  in  this  study.   More  recent  theo- 
retical works  follow. 
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Per  Isolierte  Staat 

Von  Thiinen's  work  dealt  with  a  hypothetical  agricultural  land  use 
system  whereby  transportation  costs  and  economic  rent  were  used  to 
explain  the  location  of  specific  types  of  agricultural  production  as 
they  were  concentrically  displaced  around  a  market  center.   In  a 
similar  manner,  one  might  expect  industrial,  commercial,  and  residen- 
tial land  uses  to  arrange  concentrically  around  an  urban  center  (Figure 
1).   For  a  specific  land  use  the  utility  (accessibility)  derived  from 
any  location  would  decline  with  increasing  distance  from  the  CBD  as  in 
(a).  This,  of  course,  assumes  that  the  CBD  is  the  most  accessible 
point  within  the  urban  area.   The  optimal  price  one  would  pay  for 
utility  or  accessibility  is  illustrated  in  (b) .   Cost  incurred  in 
obtaining  utility  (Y)  is  represented  by  the  area  (XYZA)  but  the  profit 
to  be  derived  at  utility  (Y)  is  (ABCZ) .    The  profit  is  similar  to  the 
land  rent  of  von  Thiinen's  agricultural  model.   Thus,  rent  for  various 
land  uses  can  be  expressed  as  a  function  of  distance  from  the  CBD  as 
in  (c).   Based  upon  the  comparative  bid-rent  capabilities  of  each  land 
use,  one  would  expect  (RR. )  to  represent  the  rent  function  for 
residential  land  use,  (QQ, )  for  wholesaling  and  industry  land  use, 


Johann  Heinrich  von  Thiinen,  Per  Isolierte  Staat  in  Beziehung 
Auf  Landwirtschaft  Und  Nationalokonomies  (Berlin:   Schumacher-Zarchin; 
1875)  in  K.  W.  Kapp  and  L.  L.  Kapp,  lids.,  Readings  in  Economics  (New 
York:   Barnes  and  Noble,  1949). 

2 

Michael  E.  Eliot  Hurst,  A  Geography  of  Economic  Behavior:   An 

Introduction,  Belmont,  California:   Duxbury  Press,  1972,  p.  231. 
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and  (PP  )  for  commercial  and  service  activities.  The  intersections  at 

3 
Y  and  Z  would  form  the  boundaries  between  the  various  land  uses. 

Commercial  activities  are  the  highest  bidders  for  sites  and 
usually  occupy  the  most  accessible  places  within  the  city.   But  commer- 
cial land  uses  are  also  found  in  the  industrial  and  residential  zones. 
Similarly,  residential  uses  may  also  be  found  in  other  zones.   For 
example,  a  four-story  apartment  building  may  yield  several  times  more 

rent  as  a  one-story  commercial  operation  on  the  same  site  and  thus  may 

4 
out-bid  competitors  for  the  property. 

Bid-rent  functions  are  a  very  important  real  world  phenomenon 
encountered  in  explaining  industrial  site  selections.   Industries 
seeking  highly  accessible  sites  upon  which  to  build  must  compete 
against  other  bidders  for  those  same  sites.   Consequently  cost  per 
unit  acre,  distance  from  CBD  and  proximity  to  transportation  facili- 
ties were  included  as  variables  to  be  examined  in  this  study. 

Uber  den  Standort  der  Industrien 

Alfred  Weber  was  among  the  first  economists  to  pose  a  general 
theory  of  industrial  plant  location.   The  optimal  location  for  an 
industrial  plant  was  seen  to  be  a  formation  of  three  factors: 


3Ibid. 

Ronald  Reed  Boyce,  The  Bases  of  Economic  Geography:   An  Essay 
on  the  Spatial  Characteristics  of  Man's  Economic  Activities  (Atlanta: 
Holt,  Rinehart  and  Winston,  Inc. ,1974),  p .  264. 

Alfred  Weber,  Uber  den  Standort  der  Industrien  (Chicago:  Univer- 
sity of  Chicago  Press,  1928). 
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transportation  costs,  labor  costs,  and  agglomerative  forces.   Weber 
theorized  that  the  optimal  location  would  be  found: 

1.  where  total  transportation  costs  per  unit  of  output  were  at 
a  minimum  or, 

2.  where  transportation  diseconomies  were  offset  by  savings 
through  agglomeration  factors  or  access  to  labor. 

Of  particular  interest  to  this  study  are  Weber's  ideas  concerning, 
agglomerative  factors  and  proximity  to  labor.   In  general,  the  ideas 
posited  by  Weber  are  of  greater  importance  at  the  regional  or  sub- 
regional  levels  of  industrial  location  than  at  the  site  level.   Some 
of  Weber's  agglomerative  factors,  however,  relate  to  industrial  site 
characteristics  and,  thus,  are  considered  in  this  analysis. 

Weber's  agglomeration  factors  are: 

(1)  The  joint  development  of  industries  which  promotes  the 
attraction  of  auxiliary  industries  and  increases  the  efficiency  of 
large  scale  production  and  utilization  of  special  technical  equipment. 

(2)  The  development  and  growth  of  specialized  labor  due  to  the 
greater  opportunity  for  work  in  the  area. 

(3)  The  greater  accessibility  to  raw  material  suppliers  who  can 
provide  material  regularly  and  on  short  notice. 

(4)  The  reduction  in  overhead  costs,  such  as  gas,  water,  elec- 
tricity, roads,  and  communications. 


Robert  G.  Turner,  "General  Theories  of  Plant  Location:   A 
Survey,"  AIDG  Journal,  VI  (October,  1971),  pp.  25-26. 
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The  Location  of  Ec onomic  Behavior 

The  American  economist,  Edgar  Hoover  initially  attempted  to 
improve  iVeber's  explanation  of  industrial!  location  by  including  the 
consideration  of  such  variables  as  the  size  of  market  area  and  insti- 
tutional forces  in  his  theoretical  analysis.   Yet  Hoover,  although 
critical  of  Weber's  analysis,  ultimately  proceeded  along  the  same 
lines  to  present  his  location  theory  primarily  in  terms  of  costs. 
Hoover,  however,  did  expand  Weber's  agglomerative  forces  to  include 

the  importance  of  banks,  utilities,  fire  and  police  protection, 

8 
climate,  property  tax,  and  lower  interest  rates. 

Hoover  also  developed  some  generalizations  in  the  locational 

habits  of  light  industry  versus  heavy  industry.   Because  of  the 

necessity  of  "handling  of  large  quantities  of  goods  either  coming  in 

from  elsewhere  or  being  shipped  out,  heavier  types  of  manufacturing, 

warehousing,  and  wholesaling  prefer  locations  in  transhipment  zones 

along  rail  or  waterways."  "Manufactures,  wholesalers  and  warehouses 

of  less  bulky  goods  need  not  be  located  on  railroads  or  waterfronts  at 

all,  since  they  can  be  served  by  truck."  They  locate  more  in  response 

to  "the  attractions  of  labor  supply,  cheap  land,  and  nearness  to  local 

suppliers  or  customers.   As  a  rule,  they  are  found  interspersed  with 

9 

commercial  and  inferior  residence  uses." 


7 
Edgar  M.  Hoover,  The  Location  of  Economic  Behavior  (New  York: 

McGraw-Hill,  1949).  

Q 

Turner,  op.  cit.,  p.  27. 

9 
Hoover,  op.  cit. ,  pp.  128-129. 


15 


The  site  considerations  of  industries  of  the  1930 's  and  40 's  have 
changed  in  more  recent  times  but  several  basic  locational  rules  as 
expressed  by  Hoover  and  Weber  remain  intact.   Accordingly,  several 
variables  such  as  neighborhood  amenities,  neighborhood  compatibility, 
proximity  to  labor  force,  availability  of  utilities,  adjacent  land 
uses,  and  transportation  accessibility  have  been  included  in  this 
analysis. 

Imperfect  Competition  and  the  Duopoly  Debate 

A  number  of  location  theorists  believed  pure  competition  was  not 
a  suitable  theoretical  structure  for  the  study  of  plant  locations,  and 
sought  to  explain  locations  in  terms  of  the  competition  between  two 
firms  attempting  to  capture  the  largest  share  of  a  market  area. 

Fetter   and  Hotelling   were  among  the  earliest  to  expound  on 

12 
duopoly  location  theory.   They  were  followed  by  Lerner  and  Singer, 

13  14  •  • 

Smithies,    and  Chamberlin   who  expanded  the  original  concept. 


Frank  A.  Fetter,  "The  Economic  Law  of  Market  Areas,"  Quarterly 
Journal  of  Economics,  XXXVIII  (May,  1924),  pp.  520-529.      "       " 

Harold  Hotelling,  "Stability  in  Competition,"  Economic  Journal, 
XXXIV  (March,  1929),  pp.  41-57. 

A.  P.  Lerner  and  H.  W.  Singer,  "Some  Notes  on  Duopoly  and 
Spatial  Competition,"  Journal  of  Political  Economy,  XLV  (April, 
1937),  pp.  145-186. 

Arthur  Smithies,  "Optimal  Location  in  Spatial  Competition,"  Th_e_ 
Journal  of  Political  Economy,  XLIX  (June,  1941),  pp.  423-459. 

E.  H.  Chamberlin,  The  Theory  of  Monopolistic  Competition 
(Cambridge:   Harvard  University  Press,  1936),  pp.  194-196. 
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Devrletoglou  '  recently  commented  on  the  economic  irrationalit)  of 

the  approach  and  presented  arguments  against  the  theoretical  base  for 
such  location  activities.   Important  contributions,  however,  are  still 
to  be  noted.   Duopoly  theory  suggests  consideration  should  be  given  to 

the  repelling  or  attracting  properties  of  industries  which  depend  upon 

i  *   16 
local  markets. 

17  18 

The  Theories  of  David  M.  Smith   and  Melvin  L.  Greenhut 

Smith's  and  Greenhut ' s  contribution  to  the  theory  of  industrial 

location  incorporated  the  minimum  costs  approach  of  Weber  with  the 

maximum  profit  solutions  of  manufacturing  location  posited  by  August 

19 
Losch.    Smith  calls  this  the  maximm  solution.  The  concept  devel- 

20 
oped  is  illustrated  in  Figure  2.     In  (a),  the  costs  of  production 

are  permitted  to  vary  over  space  (distance)  and  revenue  obtained 

(demand)  is  kept  constant.   This  is  essentially  the  Weber  solution. 

The  basic  concept  of  Losch 's  model  is  shown  in  (b) ,  where  revenue  is 


Nlcos  E.  Devletoglou,  "A  Dissenting  View  of  Duopoly  and  Spatial 
Competition,"  Economica  (May,  1965),  pp.  140-160. 

16„  . .      _, 

Turner,  op.  cit.,  p.  31. 

i  7 

David  M.  Smith,  "A  Theoretical  Framework  tor  Geographical 

Studies  of  industrial  Location,"  Economic  Geography  XLII  (April, 

1966),  pp.  95-113. 

1 S 

Melvin  L.  Greenhut,  Plant  Location  in  Theory  and  in  Practice 

(Chapel  Hill:   University  of  North  Carolina  Press,  1956). 

19 

William  H.  Weglom  and  Wolfgang  F.  Stalper  (Translators),   The 

Economics  of  Location,  by  August  Losch  (New  York:   John  Wiley  and 

Sons,  1957). 

20 

Smith,  op.  cit.,  p.  96. 
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SMITH'S  MODEL  WITH  COMPARISONS  (AFTER  SMITH,  p.  96) 
Figure  2. 


permitted  to  vary  over  space  and  costs  are  held  constant.   Finally,  in 
(c)  the  combined  solution  suggested  by  Smith  is  offered  with  maximum 

profit  occurring  at  A,  where  costs  are  lowest  and  profit  is  highest. 

21 
Note  that  maximum  revenue,  however,  is  obtained  at  B. 

An  interesting  variation  of  Smith's  model  was  the  introduction  of 

22 

noneconomic  factors,  in  particular,  the  concept  of  psychic  income. - 

This  innovation  permitted  social,  psychological,  or  other  personal 
factors  to  be  entered  into  the  model,  hence  relaxing  the  assumption  of 
economic  man.   Such  considerations  according  to  Smith  tend  to  divert 
the  location  of  a  plant  from  the  ideal  site  to  locations  closer  to  the 
owner's  home,  a  golf  course,  or  perhaps  a  parochial  school. 

Smith  suggests  that  stochastic  procedures  may  ultimately  have  to 
be  used  to  simulate  industrial  location  decisions  as  personal  factors 
cannot  be  accounted  for  by  rigorous  mathematical  reasoning.  3  This 
research  assumes  that  personal  considerations  may  be  accounted  for  by 
noting  neighborhood  amenities  near  the  potential  site.  The  importance 
of  housing  quality,  proximity  to  churches,  hospitals,  schools,  or 
parks  and  personal  services  availability  in  the  immediate  vicinity  of 
the  site  are  examined  in  this  study. 

Empirical  Studies 

The  following  empirical  studies  were  significant  resources  in  the 
development  of  a  tentative  list  of  site-selection  variables.   Two 


21Ibid-,  pp.  96-97. 

22Ibid. ,  p.  108. 

23David  M.  Smith,  Industrial  Location:   An  Economic.  Geographical 
Analysis  (New  York:   John  Wiley  and  Sons,  Inc.,  1971),  pp.  269-273. 
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types  of  studies  are  presented:   those  studies  directed  primarily 
toward  the  industrial  developer  who  seeks  new  industry  for  a  commu- 
nity; and  those  studies  which  attempt  to  analyze  industrial  location 
cor jiderations  by  way  of  a  large  sample  of  new  industries  and  to  cate- 
gorize the  locational  considerations  by  industry  types.   Only  one 
study  is  directed  toward  the  development  of  a  site-selection  algorithm 
for  a  land  use  model. 

24  ?5 

The  Studies  of  Allen  Pred   and  Richard  Lonsdale 

Allen  Pred  has  compiled  a  study  of  the  history  and  present  status 

of  industrial  location  decisions  within  a  metropolitan  region.   These 

patterns  discussed  pose  interesting  hypotheses  for  empirical  analysis 

but  the  interest  of  this  research  is  directed  primarily  to  the  site 

characteristics  discussed  by  Pred.   It  should  be  noted  that  Pred's 

analysis  focused  upon  a  single  metropolitan  area  whereas  this  study 

encompasses  a  region  with  a  hierarchy  of  urban  places. 

In  discussing  location  patterns,  Pred  identifies  seven  types: 

1.   Ubiquitous  industries  concentrated  near  the  CBD  -  The  market 

area  of  these  industries  is  generally  coincident  with  that  of  the 

metropolis  or  city.   Food  processing  industries,  specifically  bakery 

goods,  package  foods,  and  fresh  milk  products,  are  some  of  the  examples 

of  these  types  of  industries. 


Allen  R.  Pred,  "The  Intrametropolitan  Location  of  American 
Manufacturing,"  Annals  of  the  Association  of  American  Geographers,  LIV 
(June,  1964),  pp.  165-180. 

25Richard  E.  Lonsdale,  "Rural  Labor  as  an  Attraction  for  Indus- 
try," AIDC  Journal,  IV  (October,  1969),  pp.  11-17. 
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2.  Centrally  located  "communication-economy"  industries  -  Job- 
printing  industries,  newspaper  printing,  and  advertising  printing 
would  be  representative  industries  of  this  category. 

3.  Local  market  industries  with  local  raw  material  sources  - 
These  industries  show  a  high  degree  of  randomness  in  their  locational 
pattern  but  with  some  tendency  toward  CBD  locations.   Samples  would  be 
ice  plants,  concrete  brick  and  block  industries  or  industries  whose 
raw  materials  are  by-products  of  other  large-scale  industries  such  as 
the  pulp  and  paper  products  industry. 

4.  Non-local  market  industries  with  high  value  products  -  Typi- 
cally these  industries  provide  a  high  value  per  unit  weight  product 
and  are  insensitive  to  transport  considerations  within  the  local 
region.   The  pattern  is  "at  least  superficially  irrational."  Computer 
and  related  industries  and  chemical  industries  are  typical  examples. 

5.  Noncentrally  located  "communication-economy"  industries  -  The 
subset  of  industries  includes  those  which  are  not  necessarily  pulled 
to  any  functional  area  of  the  city  but  rather  tend  to  cluster  together 
in  any  suitable  area  primarily  because  of  the  necessity  to  "keep 
abreast  of  the  latest  innovations  or  forthcoming  contracts."  Elec- 
tronic, military  equipment,  and  space  age  industries  such  as  found  in 
Huntsville,  Alabama,  or  Houston,  Texas,  are  examples. 

6.  Non-local  market  industries  on  the  waterfront  -  Industries 
where  primary  raw  materials  are  imported  by  water  or  whose  finished 
product  is  often  moved  by  water  comprise  this  group.   Petroleum 
refining,  coffee  roasting,  and  sugar  refining  are  prominent  among 
these  types  of  industries. 
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7.   Industries  oriented  toward  national  markets  -  These  indus- 
tries have  extensive  market  areas  and  are  influenced  by  high,  transpor- 
tation costs  on  a  bulky  finished  product.   A  large  percentage  of  these 
industries  have  a  tendency  to  locate  on  the  side  of  the  metr^olis 
facing  the  most  important  market  region.   Pred  identifies  the  Newark 

Lowland  refining  industry  and  the  Octroi:  automobile  industry  as 

26 
examples . 

Richard  Lonsdale  in  a  study  of  the  locations  1  habits  of  rural 
industry  notes  that  those  industries  affected  by  transportation  costs 
tend  to  locate  in  urban  areas  while  those  highly  affected  by  labor 
costs  gravitate  to  rural  areas..   [n  addition,  Lonsdale  notes  rura! 
firms  tend  to  space  themselves  out  in  order  to  assure  a  labor  supply. 

Industries  with  tendencies  toward  rural  locations  are  apparel 
food  products,  textile.,  lumber  and  --wood  r-rodj'cts  nanjr  '"Tcd'ii"'^ 
chemical ,  and  electrical  machinery  -  especially  routine  assembly.   Low 
profit  margins,  keen  competition,  and  high  percentage   of  production 
workers  are  some  basic  characteristics  of  these  industries. 

The  patterns  of  industrial  location  detailed  by  Fred  and.  Lonsdale 
are  primarily  identified  with  a  spatial  level  slightly  higher  than  the 
site  specific  level  which  is  the  focrs  of  this  study.   In  relation  i.o 
the  development  ol  the  site-selection  algorithm,  variations  in  pa; 
tern  are  significant   it  is  obvious  r.aat  separate  \  iightings  will 
have  .o  be  developed  for  each  industry  type,  but  this  is  not  a  primary 


26„   , 

Pred ,  op .  c_3t_.  ,  pp .  1 7  5  -  1. 7  8  . 

Lonsdale,  op.  cit. 
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objective  of  this  study.   It  was  anticipated  that  after  developing  a 
general  site-selection  algorithm  additional  research  would  permit  the 
matching  of  various  types  of  manufacturing  to  specific  types  of  sites. 

28 
Historical  Studies  of  Industrial  Location  Factors 

Numerous  empirical  studies  exist  of  the  factors  associated  with 
actual  industrial  location  events.  Although  many  of  these  studies 
were  undertaken  by  academicians,  the  viewpoint  is  that  of  the  indus- 
trial developer  seeking  to  attract  new  industry  or  expand  existing 
industry  within  the  community. 

Characteristically,  investigations  of  this  type  are  not  concerned 
with  a  specified  theoretical  framework  for  approaching  the  problem 


Discussion  within  this  section  is  based  mostly  upon  a  review  of 
the  following  articles:   J.  S.  Bullington,  "Utilization  of  State-Wide 
Site  Evaluation  Committee  to  Aide  in  the  Location  or  Relocation  of 
Plant  Facilities,"  AIDC  Journal,  IV  (October,  1969),  pp.  27-42;  James 
E.  Chapman  and  William  H.  Wells,  "Factors  in  Industrial  Location  in 
Atlanta,  1946-1955,"  Atlanta  Economic  Review,  IX  (September,  1959), 
pp.  3-8;  Ronald  E.  Carrier  and  William  R.  Schriver,  "Location  Theory: 
An  Empirical  Model  and  Selected  Findings,"  Land  Economics ,  XLIC 
(November,  1968),  pp.  450-460,  and  a  more  complete  explanation  of  the 
study:   Ronald  E.  Carrier  and  William  R.  Schriver,  Plant  Location 
Analysis:  An  Investigation  of  Plant  Location  in  Tennessee  (Memphis : 
Memphis  State  University,  1969);  Melvin  L.  Greenhut  and  Marshall  R. 
Colberg,  Factors  in  the  Location  of  Florida  Industry  (Tallahassee: 
The  Florida  State  University,  1962);  T.  E.  McMillan,  "Why  Manufacturers 
Change  Plant  Location  versus  Determinants  of  Plant  Location,"  Land 
Economics,  XLI  (August,  1965),  pp.  239-243;  N.  J.  Stefaniak,  Indus- 
trial Location  within  the  Urban  Area:  A  Case  Study  of  Locational 
C haracteristics  of  950  Manufacturing  Plants  in  Milwaukee  County 
"(Milwaukee:   Wisconsin  Commerce  Reports,  1962);  Charles  M.  Tiebout, 
"Location  Theory,  Empirical  Evidence  and  Economic  Evolution,"  Regional 
Science  Association,  Papers,  III  (1957),  pp.  74-86;  U.  S.  Department 
of  Commerce,  Industrial  Location  Determinants,  1971-1975  (Washington, 
D.  C:   U.  S.  Department  of  Commerce,  Economic  Development  Administra- 
tion, February,  1973);  and  D.  C.  Williams  and  Donnie  L.  Daniel, 
"Industrial  Sites  for  Small  Communities,"  AIDC  Journal,  VI  (April, 
1971),  pp.  33-39. 
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but  rather  to  learn  the  reasons  for  the  location  decision  from  persons 
acquainted  with  the  location  e^ent.   None  of  these  studies  were  con- 
cerned with  the  construction  of  an  algorithm  to  simulate  the  process 

of  industrial  land  use  development. 

29 

Greenhut  and  Colberg   analyzed  factors  influencing  the  decision 

of  400  manufacturers  locating  in  the  State  of  Florida  between  1956  and 
1957.   Location  considerations  were  divided  into  three  groups:   demand 
(market)  considerations,  costs  (assembly)  considerations,  and  personal 
(psychic)  considerations.  Access  to  markets  and  potential  markets 
(Table  1)  rated  the  highest  among  the  location  factors  with  the 
remaining  factors  surprisingly  low.   The  study,  however,  was  slanted 
toward  measuring  regional  and  subregional  factors  and  thus  was  of 

limited  value  to  this  study. 

,  „  ,      30   , 
The  extensive  study  undertaken  by  Carrier  and  Schriver   ot 

plant  locations  in  Tennessee  between  1955  and  1965  was  conducted 
within  the  framework  of  existing  location  theory  and,  in  part,  did 
focus  upon  site-location  factors.   Many  of  the  variables  included 
in  this  analysis  are  based  upon  the  conclusions  reached  in  this  study. 

Carrier  and  Schriver  identified  six  classes  of  location  factors 
believed  capable  of  affecting  plant  locations:   (1)  personal  factors, 
(2)  procurement-cost  factors,  (3)  processing-cost  factors,  (4)  distri- 
bution-cost factors,  (5)  location  demand  factors  (including  locational 
interdependency  considerations),  and  (6)  certainty  factors.  "   (This 


29 

Greenhut  and  Colberg,  op.  cit . 

30 

*  Carrier  and  Schriver,  op.  cit. 

Carrier  and  Schriver,  op.  cit.  .  p.  451. 
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Location  Factors 


Percentage  of  400  Plant 
Listing  as  Primary  Factor 


Access  to  markets 

Anticipation  of  market  growth 

Good  labor  relations 

Lower  wages 

Ease  of  attracting  out-of-state 

personnel,  including  research 

Low  freight  cost  on  obtaining  raw 
materials  and  components 

Low  cost  on  freight  on  shipping  final 
product 

Climate  as  it  affects  operations 

Community  facilities  (education,  police, 
medical,  etc.) 

All  other  factors 


51.9 

12.8 

1.7 

2.6 

4.7 

7.7 


10 

7 

1 

S 

2 

9 

3 

2 

FACTORS  MOST  INFLUENTIAL  IN  THE  LOCATION 
DECISIONS  OF  FLORIDA  INDUSTRIES,  1956-1957 

TABLE  1 
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class  was  identified  after  the  interviews.)   Certainty  factors  were 
defined  as  the  confidence  that  the  "prevailing  and  forecasted  data  used 
to  identify  the  site  offering  maximum  profits  would  persist  into  the 

c   *     ..32 
future." 

Persons  involved  in  the  selection  of  sites  for  307  manufacturing 
plants  were  interviewed.   Each  respondent  was  asked  to  select  six 
factors  from  those  listed  in  Table  2  and  to  distribute  100  points  among 
these  six  in  order  to  indicate  the  relative  importance  each  factor 
contributed  to  the  total  plant  location  decision. 

Of  the  36  factors  listed  in  Table  2,  low  cost  and  availability  of 
labor  was  mentioned  most  frequently  as  the  primary  factor  affecting 
the  location  decision  (Table  3).   Personal  considerations  without 
economic  advantages  received  the  highest  average  number  of  points, 
followed  by  low  cost  and  availability  of  labor  (Table  4). 

On  the  basis  of  the  interviews  the  authors  grouped  industries 
according  to  the  six  factors  previously  listed: 

(1)  Personal  Factors  -  Miscellaneous  manufacturing,  furniture  and 
fixtures,  and  food  and  kindred  products  were  highly  sensitive  to 
personal  factors  with  most  of  those  firms  being  "home-grown." 

(2)  Procurement-Cost  Factors  -  Industries  which  need  large 
volumes  of  low-unit-value  or  perishable  raw  materials  were  character- 
istically affected  by  this  group  of  factors.   Food  and  kindred  prod- 
ucts, stone,  clay  and  glass  products,  and  lumber  and  wood  products 
industries  indicated  greater  sensitivity  to  these  factors. 


32Ibid. 
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Personal  Factors; 

Personal  with  economic 

advantages 
Personal  without  economic 

advantages 

Procurement-Cost  Factors: 

Better  service  from  seller 

of  raw  materials  and 

components 
Low  cost  on  raw  materials 

or  components 
Availability  of  low  cost 

raw  materials 

Processing-Cost  Factors: 

Low  cost  and  availability 

of  labor 
Low  cost  of  fuel 
Low  cost  of  electric  power 
Low  cost  of  financing  project 

through  Area  Redevelopment 

Administration 
Climate 
Favorable  labor-management 

relations 
Low  cost  of  satisfactory 

type  of  water 
Adequate  waste  disposal 
Low  cost  of  building  and 

land 
Low  cost  of  financing  plant 

through  revenue  or 

general  obligation  bonds 
Favorable  community  and  state 

tax  structure 
Community  concessions 
Available  existing  plant 
Available  existing  building 
Particular  characteristics 

of  building  site 


Distribution-Cost  Factors: 

Low  freight  cost, 
finished  product 

Location-Demand  Factors: 

Greater  demand  in 
the  area 

Greater  demand  poten- 
tial in  the  area 

Certainty  Factors: 

Nearness  to  metro- 
politan city 

Community  facilities 

Community  planning 
and  zoning  laws 

Cultural  qualities 
of  the  town 

Community  leaders' 
cooperation 

Size  of  city 

Data  provided  by 

Chamber  of  Commerce, 
community,  etc. 

Information  provided 
by  local  manufac- 
turers 

Recreation,  a  good 
place  to  live,  etc. 

Nearness  to  corporate 
headquarters 

Local  supporting 
services 

State  administration 
neutral  in  labor- 
management  relations 

Progress  in  racial 
adjustment 

Data  provided  by  the 
state  industrial 
development  agency 


LIST  OF  POSSIBLE  FACTORS  INFLUENCING  INDUSTRY 
LOCATION  AS  UTILIZED  IN  THE  CARRIER  AND  SCHRIVER  SURVEY 

TABLE  2 
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Ibid. 


p.  453 
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Factor 


Percent 
of  Firms 


Low  cost  and  availability  of  labor 

Low  cost  of  electric  power 

Favorable  labor  management  relations 

Community  leaders'  cooperation 

Low  cost  of  building  and  land 

Low  freight  cost,  finished  product 

Available  existing  plant 

Favorable  community  and  state  tax 
structure 

Low  cost  of  financing  plant  through 
revenue  or  general  obligation  bonds 

Available  existing  building 


65.6 

56.0 
55.7 
52.2 
19.8 
17.9 
17.5 

17.2 

16.9 
16.6 


Rank 

1 
2 
5 
4 
5 
6 
7 


9 

10 


TEN  FACTORS  MOST  FREQUENTLY  MENTIONED  BY  TENNESSEE 
FIRMS  AS  AFFECTING  THE  LOCATION  DECISION 


TABLE  5 
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Factor 


Percent 
of  Firms 


Rank 


Personal  without  economic  advantages 

Low  cost  and  availability  of  labor 

Available  existing  plant 

Personal  with  economic  advantages 

Availability  of  low  cost  raw  materials 

Greater  demand  in  area 

Greater  demand  potential  in  area 

Low  cost  of  financing  project  through 
area  Redevelopment  Administration 

Available  existing  building 

Nearness  to  corporate  headquarters 


49.2 
38.0 
53.9 
32.9 
51.9 
30.2 
29.8 

29.6 
27.6 
26.0 
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TEN  LOCATION  FACTORS  WITH  HIGHEST  MEAN  NUMBER 
POINTS  ASSIGNED  BY  TENNESSEE  FIRMS  INTERVIEWED 


TABLE  4 


29 


(3)  Processing-Cost  Factors  -  These  factors  are  associated  with 
in-plant  costs  in  assembling  or  processing  the  finished  product, 
e.g.,  labor,  energy,  external  services,  capital,  land  costs,  etc. 
Electrical  machinery,  apparel  and  related  products,  and  textile  mill 
products  industries  were  affected  by  these  factors. 

(4)  Distribution-Cost  Factors  -  These  factors  reflect  the  costs 
incurred  in  shipping  the  finished  products  to  the  buyer.   Among  the 
most  sensitive  to  these  factors  were  food  and  kindred  products, 
miscellaneous  manufacturing,  and  paper  and  allied  products  industries. 

(5)  Location-Demand  Factors  -  Industries  affected  by  these 
factors  are  highly  sensitive  to  market-demand  in  terms  of  proximity. 
Included  in  this  category  are  paper  and  allied  products,  printing  and 
publishing,  and  primary  metal  industries. 

(6)  Certainty  Factors  -  The  validity  of  existing  and  forecasted 
data  is  considered  to  be  highly  important  by  industries  affected  by 
these  considerations.   In  other  words,  these  industries  want  to  know 
the  future  stability  of  costs  in  production  and  the  probable  con- 
tinuance of  existing  markets.   Printing  and  publishing,  leather  and 
leather  products,  and  transportation  industries  were  highly  sensitive 
to  these  factors. 

It  is  obvious  that  the  scope  of  the  Carrier  and  Schriver  study  is 
much  broader  than  the  objectives  of  this  study.   Its  utility  is 
limited  for  this  research  purpose.  The  factors  considered  by  Carrier 
and  Schriver  span  several  spatial  levels  of  locational  decisions.   The 
result  is  that  factors  which  may  be  very  important  at  the  site- 
selection  level  are  weighted  low  in  comparison  to  the  total  list  of 
factors.   Also,  the  disproportionate  number  of  factors  offered  for 
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consideration  under  the  six  categories  tends  to  skew  the  weightings. 
Finally,  the  lack  of  a  very  large  sample  in  specific  SIC  categories 
tends  to  decrease  the  validity  of  the  results  of  the  weightings  and, 
therefore,  the  conclusions  reached  regarding  the  typical  locational 
patterns  of  specific  industries. 

Bullington   offers  a  scheme  to  locate  potential  industrial 
sites  on  a  state-wide  basis  by  suggesting  the  scoring  of  location 
factors  on  an  ordinal  scale  and  aggregating  them  into  an  index  to 
determine  the  site  potential  for  specific  industries.   Local  and 
state  governments  could  then  match  the  qualities  of  the  industrial 
sites  available  in  the  community  to  specific  industries.   The  factors 
which  Bullington  suggests  are  listed  in  Table  5. 

The  U.  S.  Department  of  Commerce  recently  published  the  partially 

aggregated  results  of  an  extensive  5-digit  industrial  location  survey 

35 
conducted  by  mail  throughout  the  U.S.    The  purpose  of  the  survey 

was  "to  assist  the  nation's  underdeveloped  and  declining  areas  in  the 

development  of  their  economic  resources  and  potentials."    Only 

manufacturing  industries  demonstrating  "reasonable"  growth  between 

1958  and  1967  were  selected  for  inclusion  in  the  survey.   Survey 

forms  were  mailed  to  a  total  of  2,950  companies  in  254  different 


J.  S.  Bullington,  "Utilization  of  a  State-Wide  Site  Evalua- 
tion Committee  to  Aide  in  the  Location  or  Relocation  of  Plant 
Facilities,"  AIDC  Journal,  IV  (October,  1969),  pp.  27-42. 

35U.  S.  Department  of  Commerce,  Industrial  Location  Determi- 
nants ,  1971-1975  (Washington,  D.  C:   U.  S.  Department  of  Commerce, 
Economic  Development  Administration,  February,  1973). 

36 Ibid,  p.  1. 
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Site  Characteristics 

a.  Size  of  Parcel 

b.  Shape  of  Parcel 

c.  Topography 

d.  Drainage 

e.  Flood  Record 

f.  Condition  and 
Appearance 

g.  Underground  Water 

h.   Soil  Bearing  Capacity 

Acceptability 

(This  referred  to  the 
potential  friction  or 
good-will  prompted  by 
the  location  of  industry) 

Accessibility 

a.  Highway 

b .  Secondary  Roads 

c.  Rail 


d.  City  Water 

e.  City  Sewer 

f.  Limitations  of  Site 

Community  Factors 

a.  Commercial  Air  Service 

b.  Water  Transport 

c.  Location  in  State 

d.  Mileage  Rate 

e.  Airport  Facilities 

f.  Comprehensive  Planning 
and  Zoning 

g.  Retail  Accommodations 
h.   College 

i.   Community  Appearance 

a.  retail 

b.  residential 
j .   Highways 

k.   Presentation  of  Facts 

by  Community 
1 .   Sanitary  Sewer  and 

Water  Treatment 

and  Facilities 


LOCATION  FACTORS  SUGGESTED  BY  BULLINGTON 
TABLE  S 
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SIC  categories.   One  form,  Survey  of  Industrial  Location  Determinants, 
was  to  be  completed  by  all  companies  to  identify  the  iocational  and 
operating  characteristics  of  existing  plants. 

Only  the  results  of  the  Survey  of  Industrial  Location  De^.-rini- 
nants  have  been  published  to  date  and  its  usefulness  for  this  study 
is  limited  because  of  the  highly  disaggregated  form  of  the  data. 
Hopefully,  these  data  have  been  digitized  by  now  and  can  be  utilized 
for  future  analysis  purposes. 

The  attributes  measured  or  assessed  in  the  survey  are  only 
slightly  coincident  with  those  sought  in  this  analysis.   Also  the' 
survey  spans  several  spatial  levels  of  Iocational  decisions.   Never- 
theless, some  of  the  variables  utilized  in  the  survey  were  included 
in  this  analysis. 

Land  Use  Modeling  Studies 

Site-selection  algorithms  are  certainly  not  novel  to  land  use 
modeling  methodologies.   Numerous  modeling  efforts  have  utilized 
various  allocation  systems  to  distribute  projected  change  in  land 
use.   Most  of  these  approaches  have  been  different  from  this  approach 
in  framework  and  in  terms  of  the  spatial  scale  of  allocation. 
Previous  land-use  models  usually  operate  at  the  census  tract  or 
count)  level  simply  because  data  (e.g.,  census  materials)  to  calibrate 
the  models  are  more  readily  available  at  those  levels.   The  following 
studies,  however,  have  approached  the  allocation  problem  similar  to 
this  study  and  consequently  are  briefly  discussed  below. 

Among  the  first  land-use  models  to  utilize  a  site-selection 
algorithm  to  distribute  projected  land  use  change  was  one  developed 
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37 
at  the  University  of  North  Carolina  by  Donelly,  Chapin,  and  Weiss. 

The  primary  purpose  of  the  model  was  to  simulate  the  growth  and  spa- 
tial spread  of  residential  land  use.   Historical  data  (1948-1960)  were 
utilized  to  calculate  an  attractiveness  probability  to  simulate  the 
conversion  of  rural  land  to  urban  residential  use.   Changes  were 
recorded  by  means  of  1000-foot  cells  composed  of  nine  2.5-acre  land 
development  units. 

The  model  operated  in  the  following  manner: 

1.  All  land  within  the  city  unsuitable  for  development  is 
eliminated  from  consideration  at  the  beginning  and  the 
supply  of  land  remaining  is  identified  as  available  for 
residential  use. 

2.  For  each  1000  foot  cell,  a  measure  of  relative  value  is 
established,  i.e.,  land  value,  as  a  measure  of  its  attrac- 
tiveness for  residential  development. 

3.  The  effect  that  "priming"  (expansion  of  municipal  services, 
commercial  services,  and  industrial  development)  decisions 
will  have  on  modifying  the  value  of  the  property  is  then 
calculated  for  each  cell.   These  are  assumed  to  be  exoge- 
nously  given  but  in  this  case  the  exact  amount  is  known  from 
historical  data  from  1948  to  1960. 

4.  Land  parcels  are  then  "reassessed"  to  obtain  a  new  attrac- 
tiveness score. 


•^  Thomas  G.  Donnelly,  F.  Stuart  Chapin,  and  Shirley  F.  Weiss, 
A  Probabilistic  Model  for  Residential  Growth  (Chapel  Hill:   University 
o f  North  Carolina,  Institute  for  Research  in  Social  Science,  1964). 
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5.  Density  constraints  (numbers  of  units  per  acre/year)  are 
then  introduced. 

6.  Finally,  the  known  growth  ot:  residential  households  between 
194S  and  1960  is  allocated  on  a  probability  basis."58 

The  drawbacks  to  the  model  are:   (1)  the  need  to  have  historical 
data  in  order  to  develop  the  transition  probabilities;  (2)  the  disre- 
gard of  the  effect  of  changes  in  industrial  location  and  employment; 
and  (3)  the  vast  amount  of  programming  needed  to  load  and  run  the 
model  for  a  small  region  such  as  a  single  city.   The  concepts  gene- 
rated by  this  study,  however,  have  become  basic  to  many  other  modeling 
efforts  and  were  equally  important  in  this  study. 

The  Pittsburgh  industrial  location  model,  IN  IMP    (.Industrial 
Impact  Model),  is  similar  to  the  hypothetical  design  of  this  modeling 
approach;  the  major  difference  is  that  growth  is  distributed  to 
census  tracts  and  consequently  the  variables  are  more  aggregated  than 
those  being  considered  in  this  study. 

Four  variables  (attributes  of  census  tracts)  and  one  constraint 
were  adopted  as  being  sufficiently  discriminatory  to  determine  site 
locations.   These  are:   weighted  mean  unit-assessed  value  of  land; 
weighted  mean  unit -assessed  value  of  buildings;  weighted  mean  struc- 
tural density,  and  amount  of  industrial  clustering.   These  measures 
were  determined  by  census  tract.   The  constraint  can  either  be  imposed 


38Ibid,  p.  11. 

39 

Steven  H.  Putman,  "Intraurban  Industrial  Location  Model  Design 
and  Implementations,"  Regional  Science  Association,  Papers,  IXX 
(1966),  pp.  199-214.  '    '   ~     ~ 
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artificially  as  in  the  case  of  zoning  controls  or  non-existence  of 
services;  or  directly  imposed  by  the  model  operator.   On  the  basis  of 
the  aggregated  scores  of  the  above  indexes,  the  model  distributes  a 
portion  of  projected  city-wide  employment  changes  among  existing 
facilities  and,  upon  reaching  certain  critical  values  of  saturation, 
switches  to  a  separate  routine  to  distribute  new  facilities  to  census 
tracts  having  the  highest  scores  for  the  remainder  of  the  projected 
industrial  employment  growth.   The  distribution  to  various  census 
tracts  is  accomplished  by  way  of  the  maximum  score.   However,  in  the 
event  of  a  tie,  the  allocation  algorithm  switches  to  a  Monte  Carlo 

routine.   Similar  but  more  elegant  models  of  this  type  are  being 

40  41 

developed  at  Harvard   and  the  University  of  British  Columbia. 

A  Tentative  List  of  Variables 

Each  theoretical  study  reviewed  approached  the  problem  of 
explaining  industrial  location  in  terms  of  three  components:  demand, 
cost,  and  personal  factors.   Carrier  and  Schriver  subdivided  the 
process  into  six  components:   personal  factors,  procurement -cost 
factors,  processing-cost  factors,  distribution-cost  factors,  location- 
demand  factors,  and  certainty  factors.   Only  processing  costs,  pro- 
curement costs,  distributing  costs,  personal  costs,  and  certainty 


40 

Carl  Steintz  and  Peter  Rogers.   A  System  Analysis  Model  of 

Urbanization  and  Change:   An  Experiment  in  Interdisciplinary  Educa- 

tion  (Cambridge:   M.I.T.  Press,  1971~)~ 

41 

M.  A.  Goldberg,  Quantitative  Approaches  to  Land  Management 

(Vancouver,  B.  C. :   University  of  British  Columbia,  The  Resource 

Science  Center,  1970). 
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factors  have  any  direct  relationship  to  site  location  considerations. 
Certainty  factors  may  be  considered  a  variation  of  location-demand 
costs.   At  the  site  level,  procurement  costs  and  distribution  costs 
arc  sensitive  to  -,ne  variable,  accessibility.   Considerations  of 
freight  rates,  transport  modes,  proximity  to  raw  materials,  supplies, 
etc.  are  more  related  to  locational  considerations  at  the  subregional 
level . 

In  an  effort  to  arrive  at  a  tentative  set  of  variables  to  be 
utilized  in  this  analysis,  a  list  of  variables  mentioned  in  the 
industrial  survey  literature  as  being  related  to  the  site  selection 
decision  was  compiled.   This  list  is  found  in  Table  6. 

A  number  of  variables  may  be  eliminated  as  not  related  to  the 
site-selection  process  while  others  can  be  combined  with  other  vari- 
ables. After  considerable  study  the  following  list  of  variables  was 
developed  to  be  used  in  a  survey  of  the  site  conditions  of  past 
industrial  location  events.   Selection  was  based  upon  the  relevance  of 
the  variable  to  industrial  site-selection  and  the  ability  to  obtain 
measures  of  the  variable.   The  variables  are  listed  below: 
I.   Site  Preparation  Cost 

a.  Slope  of  land 

b.  Drainage 

c.  Clearing-Cover  conditions 

1 1 .   Market  Price  of  Land 

a.  Distance  to  center  of  town 

b.  Distance  to  nearest  major  thoroughfare 

c.  Density  of  urban  use  in  immediate  vicinity 

d.  Overall  rating  of  price  of  land  from  1  to  10 

III.   Proximity  to  Work  Force 

a.  Proportion  of  nearest  city  within  2-1/2  miles 

b.  Population  of  nearest  community 
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] . 

Industrial  Park  Space 

2] 

2. 

Industrial  Park  Quality 

22 

3. 

Industry  Nearby 

25 

4. 

Zoning  and  Building 

24 

Restrictions 

25 

5. 

Pollution  Regulations 

26 

6. 

Land  Costs 

27 

7. 

Site  Preparation  Costs 

8. 

Topography 

9. 

Drainage 

28 

10. 

Soil  Conditions 

29 

11. 

Place  to  Dump  Effluent 

30 

12. 

Processing  Water 

31 

13. 

Utilities 

52 

14. 

Municipal  Water 

35 

15. 

Sewage 

54 

16. 

Natural  Gas  Service 

55 

17. 

Proximity  to  Local 

36 

Markets 

37 

18. 

Proximity  to  Local 
Raw  Materials 

38 

19. 

Proximity  to  Sup- 

39 

porting  Industry 

40 

20. 

Water  Transport 

Railroad  Transport 
Highway  Transport 
Commercial  Airport 
Distance  to  CBD 
Community  Transportation 
Community  Parking 
Neighborhood  Services 
(Restaurants,  Hospitals, 
Parks,  Gas  Stations,  etc.) 
Nearby  Housing 
Nearby  Labor 
Community  Cooperation 
Community  Stability 
Community  Wealth 
Community  Taxes 
Community  Progressiveness 
Community  Attractiveness 
Community  Labor  Climate 
Community  University 
Nearby  Government  and 
Institutional  Facilities 
Community  Wage  Rates 
Space  for  Expansion 


TENTATIVE  LIST  OF  VARIABLES 
TABLE  6 
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I V .   Trans  port at ion  Ace e  s  s  i  bilit y 


Distance  to  major  highway 

Distance  to  secondary  road 

Distance  to  rail 

Distance  to  airport 

Waterway  service 

Distance  to  nearest  Interstate  interchange 

Overall  quality  of  accessibility  from  1  to  10 


V.   Utilities 

a.  Water  available 

b.  Gas  available 

c.  Sewerage  available 

VI.   Compatibility  with  Existing  Land  Uses 

a.  Did  community  have  zoning  at  time  of  location? 

b.  Was  site  zoned  for  industry? 

c.  Was  zone  changed  to  accept  industry? 

d.  Was  industry  already  in  immediate  area? 

e.  Overall  rating  of  contiguous  land  use  compatibility 

VII.   Neighborhood  or  Community  Attractiveness  and  Amenities 

a.  Condition  of  neighborhood 

b.  Density  of  land  use  in  immediate  vicinity 

c.  Nearby  community  services 

VIII.   Industrial  Park  Space 

a.  Was  the  site  in  an  industrial  park? 

b.  Overall  rating  of  the  quality  of  park? 

Additional  Data  Col lected 

a.  Proximity  of  site  to  Knoxville 

b.  Amount  of  other  industry  located  nearby  at  time 
of  event 

c.  Was  building  already  there? 

This  List  may  omit  variables  which  should  be  considered  and, 
therefore,  should  not  be  considered  exhaustive.   However,  it  is  antic- 
ipated that  in  measuring  the  importance  of  each  variable  some  may  be 
eliminated  thus  simplifying  the  site-selection  algorithm.   The  next 
chapter  explains  the  methodology  and  research  procedures  used  to  test 
the  importance  of  each  variable. 


CILV  rER  III 

DESCRIPTION  OF  THE  STUDY  AREA 
AND  ANALYSIS  PROCEDURES 


This  chapter  describes  the  research  methodologies  utilized  in 
this  study.   The  first  part  of  the  chapter  describes  the  eastern 
Tennessee  study  region,  the  second  part  the  data  collection  proce- 
dures, and  the  final  part  the  analysis  procedures. 

The  Study  Region 

The  study  region  encompasses  16  counties  surrounding  and  including 
Knoxville,  Tennessee,  (Figure  3)  and  represents  an  administrative 
entity  called  the  East  Tennessee  Development  District  (ETDD) .   The 
region  spans  6,500  square  miles  and  contains  a  population  of  approxi- 
mately 750,000  people.   Its  selection  for  this  study  was  based  upon 
the  availability  of  data  in  the  Oak  Ridge  National  Laboratory  (ORNL) 
Data  Base.    ORNL  selected  the  region  on  the  basis  of  "the  diversity 

of  the  region,  the  availability  of  data,  the  presence  of  cooperative 

2 
and  interested  user  groups,  close  proximity,  etc." 


Oak  Ridge  National  Laboratory  is  currently  developing  a  "holis- 
tic" environmental  model  for  the  ETDD  region.   This  research  was 
supported  by  this  program.   ORNL-NSF  Environmental  Program,  Regional 
Environmental  Systems  Analysis  (A  Research  Proposal  Submitted  to  the 
National  Science  Foundation,  February,  1972). 

Ibid,  p.  3. 
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The  ETDD  region  is  centered  in  the  southern  portion  of  the  Ridge 
and  Valley  Province  (the  "Great  Valley"),  bordered  to  the  northwest  by 
the  Cumberland  Plateau  and  Mountains,  and  to  the  southeast  by  the 
Great  Smoky  Mountain  complex  (Figure  4).   Both  the  Smokies  and  ^ne 
Cumberlands  are  characterized  by  steep  slopes  and  forest  cover,  with 
the  Cumberlands  distinguished  by  strip  mining  scars. 

The  area  is  drained  by  the  Tennessee  River  system,  the  natural 
flow  of  which  has  been  vastly  altered  by  the  Tennessee  Valley  Author- 
ity (TVA) .   By  harnessing  the  power  of  the  river  system  to  produce  low 
cost  electrical  power  and  developing  a  navigable  channel  to  Knoxville, 
TVA  has  become  the  major  development  agency  within  the  study  region. 
As  a  result  much  of  the  industrial  development  in  the  region  has  been 
structured  by  TVA  activities. 

The  largest  urban  center  in  the  region  is  Knoxville  which  serves 
as  the  major  economic  and  transportation  focus  for  the  region.   Sur- 
rounding Knoxville  are  Oak  Ridge,  Maryville-Alcoa,  and  more  distant 
Morristown,  each  with  between  20  to  35,000  in  population.   These 
cities  perform  subregional  functions.   Remaining  urban  centers  are 
small  in  population  and  are  mostly  located  within  the  confines  of  the 
plateau  and  the  Blue  Ridge  (Figure  5). 

Industry  within  the  Region 

This  analysis  has  concentrated  upon  secondary  manufacturing  (SIC 
20  through  39)  and  excluded  extraction  industry  (SIC  10  through  19)." 
The  location  determinants  of  extraction  (or  primary)  industry  are 


Industries  are  referred  to  by  their  Standard  Industrial  Code 
(SIC)  number  throughout  this  study. 
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dictated  more  by  the  distribution  of  raw  materials  and  consequently 
the  Ideational  criteria  of  these  industries  will  be  different  from 
secondary  industries.   For  this  reason  primary  industry  is  not  con- 
sidered in  this  st-.dy. 

Categorically  one  could  state  that  most  of  the  industry  within 
the  region  is  concentrated  in  the  Knoxville  area.   Of  the  1002  indus- 
tries in  the  region,  approximately  46  percent  are  located  in  the 
immediate  vicinity  of  Knoxville.   Knoxville  also  has  the  greatest 
diversity  of  industry,  whereas  industry  in  other  communities  is 
characterized  by  specific  categories.   (An  example  is  the  concen- 
tration of  furniture  industry  in  Morristown.) 

Figures  6  through  13  provide  a  visual  overview  of  the  dynamics  of 
industrial  development  in  the  region  since  1943.   Since  1953  a  48 
percent  turnover  in  industry  has  occurred.   Of  the  1002  industries 
within  the  region  in  1973,  488  have  developed  in  the  16-county  region 
since  1953. 

Table  7  provides  a  statistical  summary  of  the  new  industry-new 
employment  expansion  (or  decline)  from  1952  to  1973.   The  table  does 
not  reflect  the  absolute  employment  expansion  rate  but  rather  the 
amount  of  employment  gained  or  lost  by  the  birth  or  death  of  specific 
two-digit  SIC  industries.   A  high  average  expansion  rate  indicates  new 
plants  have  developed  in  the  region  and  have  significantly  increased 
the  total  employment  in  that  specific  industry. 

In  the  following  discussion  each  industry  type  is  briefly 
described.   Maps  are  included  to  show  the  regional  distribution  of 
specific  industries.   Graphs  illustrating  the  historical  employment 


45 


46 


47 


t         [         i 


49 


50 


1 

'i 

\ 

1963 

1 

» • • • • ••• 

^/^  • 

•         • 

./ 

o 

!^~^-^     • 

•% 

• 

• 

X 

"■%  . 

.* 

1 

•: 

"• 

'k 

• 

* 

.* 

'$• 

%' 

'. 

1 

J 

\  , 

•# 

• 

t*. 

'■*■ 

.  ■ 

•  ' 

( 

i 

• 

• 

' 

• 

• 

% 

1* 

'» 

r 

) 

..• 

• 

• 

m  ^ 

/ 

k 

». 

'  '  • 

V  ' 

> 

s 

xS 

V 

• 
> 

• 

is'-- 

> 

r 

\/^ 

L 

i 
i 

1 

j 

I 

i 

i 

i 

j 

8 

i 

s 

\ 

i 

i 

i 

'    Pu 


51 


i 

<•» 

\— 

** 

o 

f 

.t. 

.«'" 

z 

j/ 

J 

\- 

1. 

i. . 

4 

•%. 

* 

•» 

. 

1 

* 

,- 

'•*■ 

- 

-.    "•* 

i*.fc>- 

..  . "; 

i 

■f* 

M 

•  - 

1 

• 

fc 

• 

.X 

* 

"V 

•  IN 

L 

. 

1 

, 

1/ 

1 

►  K    ^^ 

~\y| 

V 

^ 

._ 

." 

■.«•  • 

^ 

i 

yy 

) 

k — l 

•  . 

«!• 

^ 

~ 

1 

CN 


<D 


i  u 

g 


S  £ 


i  I 


52 


I  I 


53 


Average  New 
Industry  Expansion 

by  Rate 

SIC         1955   1958   1960   1963    1966   1969   1973   1952-1973 


20 

Food  +9.4  +10.0  +0.5   +S.7   +6.5   -3.2   +11.8     +3.8 

21 
Tobacco 

22 

Textile         -4.6   -2.7   -7.5   +8.3   -3.9  +5.2   -19.7     -3.6 

23 

Apparel        +28.3  -13.6   +2.3   +11.2   +20.1  +40.3   -12.4    +10.9 

24 

Lumber         -40.4   -3.2   -2.2    -0.5   +2.1   -7.2   +11.2     -5.7 

25 

Furniture      +24.0  +30.4  +53.1   +5.2   +15.8  +5.9   +7.8    +20.0 

26 

Paper  -4.7  -16.4  +12.3   +4.2   +10.2  +49.1   +41.8    +13.8 

27 

Printing        +9.3   -2.0  +24.5   +2.2   -4.1  +21.0   -3.3     +6.8 

28 

Chemical         -.6  +15.4   -4.3   -14.7   +2.3   -2.4   -25.6     +2.8 

29 

Petroleum       -8.2   +4.7  +5.2  +27.2   -41.9  +43.0   -5.0     +3.6 

30 

Rubber         -1.4  -11.6  +9.8  +79.5   +10.3  +61.6   -32.4    +16.5 

31 

Leather         -9.7   -7.1  +25.8  +25.9   +13.1  +62.6   +63.5    +24.6 

32 

Stone, 

Glass,  Etc.     +1.4   +3.2   +7.6    +.3   -11.0   -4.4   +25.5     +3.2 

55 

Primary 

Metals         -6.9  +10.1   +.5   -22.8   -4.6  -6.9   -2.4     -4.7 

34 

Fabricated 

Metals         +36.6  +12.0   +.8  +10.1   +4.7  +36.8   +6.3    +15.5 


EXPANSION  OF  ETDD  INDUSTRIES  BETWEEN  1952-1973 
TABLE  7 
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Average  New 
Industry  Expansion 

by  Rate 

SIC         I95r   1958   1960   1965   1966   1969   1973   1952-1975 


35 
Machinery 

Non-Electric    -3.4  +15.2   -3.6    K5.1   -15.0  +55.3   +0.5     +6.7 

36 

Electrical 

Machinery      -47.7   +1.3   -6.9  +409.8  +21.1  +50.1   +19.1    +6U.9 

37 

Transpor- 
tation        +26.4  -17.2  +22.5   +3,7  +459.0  -15.2  +136.5    +85.4 

38 

Instrument     +57.3   -1.2   -3.9   +4.5   -1.1   +9.5   -3.3     +3.3 

39 

Miscellaneous   -15.7  +2.6   -8.4   +34.5   +4.4  +11.6   -26.1    +10.6 


*This  table  is  based  upon  ORNL  industrial  location  data.   Expansion 
rates  are  determined  on  the  basis  of  new  employment  prompted  by 
new  plants  (or  death  of  plants)  since  the  previous  time  period.   The 
base  year  is  1952. 


TABLE  7   Continued 
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trends  relative  to  total  regional  employment  and  the  industry's  share 
of  total  regional  manufacturing  employment  accompany  each  map. 

Food  products  industries  (SIC  20) 

Of  the  103  plants  existing  within  the  region,  66  are  located  in 
the  Knoxville  region.  Most  of  the  remaining  plants  are  located  in  the 
southern  half  of  the  region  bordering  the  Smoky  Mountains  near  the 
better  crop  producing  areas  along  the  margins  of  the  Nolichucky, 
Pigeon,  Little  Tennessee,  and  the  French  Broad  Rivers  (Figure  14). 
Approximately  75  percent  of  these  industries  employ  less  than  100 
persons.   Employment  growth  has  been  gradual  and  in  accord  with  total 
regional  growth.   Proportionally,  however,  employment  has  been  de- 
clining (Figure  15). 

Tobacco  products  industries  (SIC  21) 

No  tobacco  industries  exist  within  the  study  region. 

Textile  mill  products  industries  (SIC  22) 

The  textile  industry  is  distributed  broadly  from  northeast  to 
southwest  through  the  center  of  the  region  with  Knoxville  having  the 
greatest  concentration  followed  by  Morristown  and  Sweetwater  (Figure 


The  maps  and  graphs  utilized  in  this  chapter  were  prepared  by  a 
CALCOMP  plotter  driven  by  an  IBM  360  computer.  The  data  utilized  were 
originally  collected  by  Osbin  L.  Ervin.  For  a  complete  presentation 
of  these  data,  see:  C.  R.  Meyers,  Jr.,  0.  L.  Ervin,  D.  L.  Wilson,  and 
P.  A.  Lesslie,  Spatial  Distributions  and  Employment  Trends  of  Manufac- 
turing  IndustricTTn  East  Tennessee  (19-15-1975)  (Oak  Ridge,  Tennessee, 
Oak  Ridge  National  Laboratory,  June,  1974). 

^Transparent  overlays  found  in  Appendix  B  may  be  superimposed 
over  each  industry  map  for  spatial  referencing. 
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16).   Average  employment  in  the  industry  is  approximately  210  persons 
per  plant.   Rockwood  and  Harriman  have  only  four  plants  but  share 
nearly  50%  of  the  total  employment  in  the  region.   The  distribution 
of  plants  reflects  a  tendency  to  gravitate  to  relatively  small  communi- 
ties as  suggested  by  Lonsdale6  and  Pred.    Textile  industry  has  declined 
in  terms  of  the  percent  of  total  regional  employment  in  recent  years 
perhaps  resulting  from  the  introduction  of  higher  wage  industry  into 
the  region  (Figure  17) . 

Clothing  and  related  products  (SIC  25) 

Knoxville  leads  the  area  with  the  greatest  concentration  in  both 
plants  and  employment  (Figure  18).   Average  employment  is  approxi- 
mately 315  persons;  however,  the  median  is  closer  to  150  employees. 
This  type  of  industry  though  concentrated  in  Knoxville  is  scattered 
throughout  the  region  with  numerous  small  communities  having  at  least 
one  (sometimes  two  or  three)  small  employment  industry.   In  terms  of 
new  industry  expansion  the  clothing  industry  expanded  at  an  average 
rate  of  10.9  percent  between  1953  and  1973.   Historically,  however, 
growth  has  been  erratic  (Figure  19). 

Lumber  and  wood  products  except  furniture  (SIC  24) 

This  industry  is  widely  scattered  throughout  the  region  mostly  in 
small  communities  (Figure  20).   It  is  a  small  employment  industry 
mainly  utilizing  local  raw  materials.   In  recent  years,  an  overall 


6Richard  E.  Lonsdale,  cited  in  Chapter  2. 
Allen  Pred,  cited  in  Chapter  2. 
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decline  in  the  industry  lias  occurred  partly  due  to  a  decline  in  small- 
operated  lumbering  in  general  for  the  region.   The  average  employment 
per  plant  is  only  32  persons  with  the  median  closer  to  15  persons  per 
pi -..lit . 

The  growth  prospects  for  this  industry  are  rated  good  by  the  TVA 
Regional  Planning  Office  but  it  is  expected  to  be  in  terms  of  large, 
permanent  sawmills  utilizing  local  oik,  hickory,  and  poplar  forest 
resources  (Figure  21).   Those  species  are  being  increasingly  utilized 

Q 

by  the  furniture  manufacturers . 

Furniture  and  fixtures  industries  (SIC  25) 


The  furniture  and  related  products  industries  (e.g.  woodworking 
industry)  is  heavily  concentrated  in  Morristown  (with  20  of  the  46 
plants)  even  though  Knoxville  has  17  plants  (Figure  22).   The  average 
number  of  employees  per  plant  in  Knoxville,  however,  is  161  persons; 
whereas  the  average  in  Morristown  is  approximately  310  persons. 

The  furniture  industry  located  in  Morristown  not  because  of  the 
local  timber  sources  but  because  of  cheap  labor  and  good  rail  connec- 
tions to  large  mills  in  the  South  and  to  market  regions  in  the  North. 

With  increasing  reliance  upon  local  timber,  however,  the  growth 

9 
prospects  for  this  industry  are  seen  to  be  significant  (Figure  23) . 


Communication  with  Bill  Ogden,  TVA  Regional  Planning  Office, 
Knoxville,  Tennessee,  May  3,  1973. 

q 

*  Ibid. 
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Paper  and  pulp  products  industries  (SIC  26) 

The  paper  and  pulp  Industry  is  concentrated  in  the  Knoxville 
area  both  in  terms  of  employment  and  number  of  plants  (Figure  24). 
Intuitively,  one  suspects  market -'!emand  to  be  a  strong  locational 
factor  except  for  the  plants  in  Morristown  which  are  locational ly 
related  to  the  by-products  produced  by  the  furniture  industry. 
Employment  averages  78  persons  with  the  largest  plant  employment  only 
190  persons.   Total  employment  in  the  paper  and  pulp  products  industry 
is  relatively  low  compared  to  other  industries,  only  1377  employees 
in  1973.   The  average  growth  rate,  however,  has  been  significant 
(Figure  25) . 

Printing  and  publishing  industries  (SIC  27) 

Printing  and  publishing  includes  local  newspaper  printing  and 
for  obvious  reasons  is  widely  dispersed  throughout  the  16-county 
region  (Figure  26).   Knoxville  has  the  greatest  concentration  with 
over  75  percent  of  the  employment  and  2/3  of  the  total  number  of 
establishments.  Total  employment  is  low  for  the  region  (1670  employees 
in  1970)  with  an  average  of  19  workers  per  plant.   Growth  has  increased 
along  with  population  with  no  great  expansion  predicted  (Figure  27). 

Ch cmical  products  industries  (SIC  28) 

The  shunning  of  large  urban  places  by  chemical  plants  noted  in 
Chapter  II  at  first  appearance  is  not  substantiated  by  the  regional 
pattern  of  chemical  industries  within  ETDD  (Figure  28).  Industries 
are  found  in  the  other  communities  (e.g.,  Morristown  and  Oak  Ridge) 
but  Knoxville  is  the  leader  in  number  of  plants  with  all  but  six  of 
the  33  plants  in  the  region.   However,  the  Knoxville  industries  are 
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relatively  small  (the  largest  has  69  employees]  while  the  EN'KA  plant 
located  at  Lowland  (six  miles  south  of  Morristown)  employees  over 
4500  persons.   Large  employment  figures  in  Oak  Ridge  and  Morristown 
(Lowland)  skew  the  average  to  508  persons  per  plant;  therefore,  the 
median  -  10  per  plant  -  is  more  descriptive  of  the  true  employment 
picture.   Employment  in  the  chemical  industry  has  been  erratic  in  the 
last  two  decades  (Figure  29)  and  future  expansion  is  difficult  to 
predict. 

Petroleum  refining  and  paving  and  roofing  products  (SIC  29 1 

Employment  and  plant  number  are  relatively  insignificant  relative 
to  total  industry  within  the  region  with  all  but  one  plant  (seven 
employees)  located  in  Knoxville  (Figure  30).   Little  change  in  employ- 
ment has  been  noted  in  recent  years  (Figure  31). 

Rubber  and  plastic  products  industries  (SIC  50) 

Ten  of  the  12  rubber,  and  plastic  products  industries  are  found 
in  Knoxville  presenting  over  60  percent  of  the  employment  (Figure 
32).   The  average  number  of  employees  is  68  people  with  20  employees 
as  the  median.   Between  1952  and  1973,  the  new  industry  growth  rate 
has  averaged  16.5  percent  but  the  total  employment  in  1952  was  only 
514  persons  (Figure  33). 

Leather  products  industries  (SIC  51) 

The  leather  product  industries  are  few  in  number  (15),  most 
occurring  in  Knoxville,  Dandridge  (near  Jefferson  City),  and  Morris- 
town  (Figure  34).   The  average  expansion  rate  has  been  significant, 
24.6  percent  even  though  the  base  year  employment  (1952)  was  only  546 
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persons.   Employment  per  plant  averages  100  persons  as  does  the 
median,  indicating  a  fairly  symmetrical  distribution.   Expansion  in 
the  future  may  be  expected  to  continue  but  probably  not  at  such  a 
high  rate  (Figure  35) . 

Stone,  clay,  and  glass  products  industries  (SIC  32) 

These  represent  strong  local  raw  material,  local  market  indus- 
tries, and  thus  their  location  is  determined  by  the  chance  occurrence 
of  resources  and  the  distribution  of  urban  places.   The  spatial 
pattern  supports  this  observation  (Figure  36).  The  greatest  concen- 
tration, as  expected,  is  in  the  Knoxville  vicinity  with  2/3  of  the 
total  number  of  plants  (68).   The  average  employment  per  plant  is  32 
persons.  The  median  is  14  employees  per  plant.   Expansion  has  kept 
pace  with  population  growth  in  recent  years  and  probably  will  con- 
tinue to  expand  in  response  to  total  regional  growth  (Figure  37) . 

Primary  metal  industries  (SIC  33) 

This  industry  type  is  distributed  throughout  the  region  simply 
because  of  the  large  number  of  foundries  which  historically  developed 
in  East  Tennessee  (Figure  38) .   The  largest  employment  industry  is 
Alcoa  Aluminum  in  Maryville- Alcoa  with  5000  employees  (70  percent  of 
the  total  employment).   Median  employment,  however,  is  only  50  persons 
per  plant.   Employment  has  dropped  steadily  since  1963  but  is  expected 
to  level  out  in  the  future  (Figure  39) . 

Fabricated  metal  products  industries  (SIC  34) 

This  classification  includes  welding  and  machine  tool  industries 
which  usually  develop  locally  and  are  local-market  oriented.   This 
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explains  the  wide  distribution  of  the  industry  (Figure  40}.   Most  of 
the  75  plants  arc  found  in  Knoxville  (approximately  75  percent)  indi- 
cating some  response  to  raw  material  availability  which  is  greater  in 
the  Knoxville  area.   The  average  number  of  persons  employed  is  45  but 
the  median  is  only  14  employees  per  plant.   The  industry  has  grown 
significantly  between  1952  and  1973  probably  in  response  to  national 
growth  in  the  transportation  and  recreational  vehicle  markets  (Figure 
41)- 

Machinery  (except  electrical)  industries  (SIC  55) 

The  machinery  industry  is  heavily  concentrated  in  the  Knoxville 
region  and  to  a  lesser  extent  in  Oak  Ridge  and  Morristown  (Figure 
42) .  Many  of  these  industries  perform  supporting  functions  such  as 
the  refurbishing  of  industrial  tools  (for  example,  the  woodworking 
tool  industries  in  Morristown) .   The  largest  employer  has  639  employees 
but  the  average  for  the  region  is  27  persons  per  plant  and  the  median 
is  only  7  persons  per  plant.   Total  employment  has  remained  fairly 
constant  in  the  last  decade  (Figure  43) . 

Electrical  machinery,  equipment,  and  supplies  industries  (SIC  56) 

The  electrical  machinery  industry  has  grown  from  57S  employees 
in  1952  to  2726  employees  in  1975,  averaging  a  growth  rate  of  60.9 
percent.   The  largest  employer  is  Magnavox  in  Morristown  with  716 
employees  in  1970.   Average  employment  is  120  persons;  the  median  is 
40  persons  per  plant.  Most  of  the  industry  is  concentrated  in  Knox- 
ville and  dispersed  lightly  elsewhere  (Figure  44).   In  recent  years, 
employment  has  expanded  significantly  (Figure  45) . 
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Transpo rtation  equipment  Indus t r  i  es  (SIC  5_7_^ 

A  largo  portion  of  the  transportation  Industry  is  found  in 
Knoxville;  however,  several  trailer,  travel  trailer,  and  truck  camper 
manufacturers  are  found  near  New  Tazewell,  Sweetwater,  and  LaFollette 
(Figure  46).   Total  employment  is  low  (413  employees)  with  the  average 
plant  employing  34  persons.   The  median  is  15  persons.   Because  of 
the  low  initial  employment  in  1952  (106  people)  the  growth  rate  seems 
phenomenal  (85.4  percent).   Regionally,  however,  the  industry  is  of 
minor  importance  when  compared  to  total  employment  except  in  the 
smaller  communities  (Figure  47).   Recent  problems  with  transportation 
fuel  availability  may  dampen  future  growth  in  this  industry. 

Instrument  and  related  products  industries  (SIC  38) 

These  industries  are  concentrated  mostly  in  Knoxville  and  Oak 
Ridge  (Figure  4S) .   Oak  Ridge  AEC  plants  distort  the  picture  consider- 
ably with  over  10,000  employees.   Excluding  Oak  Ridge  the  average 
employment  is  93  persons  per  plant  while  the  median  empl oyment  is 
only  10  persons.   Little  expansion  in  employment  has  occurred  in 
recent  years  (Figure  49) . 

Miscellaneous  industries  (SIC  59) 


Almost  all  miscellaneous  industries  are  located  in  Knoxville, 
with  48  of  the  54  plants  in  the  region  (Figure  50).   Average  employ- 
ment is  44  persons,  with  the  median  10  persons  per  plant.   Among  the 
more  significant  industries  are  National  Cash  Register  in  Morristown 
and  Southern  Athletic  Inc.  in  Knoxville  with  500  and  780  employees 
respectively.   Changes  in  employment  have  not  been  significant  in 
recent  years  although  growth  is  evident  (Figure  51). 
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Data  Collection 

This  research  effort  is  unique  in  the  use  of  historical  aerial 
photography  in  the  analysis  of  industrial  development  processes.   The 
use  of  aerial  photography  in  the  analysis  of  land  use  change  in 
itself  is  not  unusual;  however,  its  use  as  an  aid  to  develop  a  land 
use  model  is  considered  to  be  novel.   Experience  indicates  that  aerial 
photography  provides  a  convenient  and  economical  means  to  assess  the 
processes  effecting  previous  land  use  change  and  to  assess  the  current 
potential  of  various  land  areas  for  future  development.   Remote  sensing 
has  proven  to  be  an  efficient  data  acquisition  technique  capable  of 
partially  fulfilling  many  urban  and  regional  modeling  needs. 

To  illustrate  the  use  of  the  aerial  photography  in  this  analysis 
two  stereo  images  have  been  included  (Figures  52  and  53)  illustrating 
the  before  and  after  scenes  of  an  industrial  location  event.   The 
industry  site  is  located  near  Harriman,  Tennessee.   The  site  was 
occupied  in  1966  by  the  Beta-Tek  Inc.  which  manufactures  electrical 
machinery.   Present  employment  is  approximately  130  people.   The  first 
stereo  image  indicates  the  condition  of  the  site  and  surroundings  as 
of  March  30,  1958  (TVA  photography)  while  the  second  stereo  image 
indicates  the  conditions  as  of  March  22,  1974  (NASA  photography). 

Aerial  photography  is  utilized  in  the  following  manner:   The  ORNL 
data  base  contains  information  concerning  the  general  location  of 
existing  industry  within  the  ETDD  region;  the  date  of  industry  located 
in  the  region;  the  number  of  employees  initially  employed  and  pres- 
ently employed;  and  the  primary  and  secondary  SIC  designation  of 


1958  -  STEREO  IMAGE  OF  BETA-TEK  INDUSTRIAL  SITE 
(TVA  -  1:30,000) 

Figure  52. 
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1974  -  STEREO  IMAGE  OF  BETA-TEK  INDUSTRIAL  SITE 
(NASA  -  1:24,000) 

Figure  53. 
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each  industry.   Using  a  CALCOMP  plotter  these  data  were  spatially 
plotted  at  a  scale  of  1:250,000  for  initial  analysis.   Additional 
plots  at  a  scale  of  1:24,000  were  obtained  of  those  TVA-USCS  topo- 
graphic quadrangles  having  manufacturing  plants.   Using  historical 
aerial  photography,  census  materials  and  interviews  with  local  citi- 
zens, spatial  conditions  which  existed  prior  to  the  time  of  industrial 
location  event  were  reconstructed.   Location  events  occurring  before 
1950  were  not  analyzed.  However,  industries  which  expanded  or  relo- 
cated after  1950  were  included.  Most  of  the  location  events  analyzed 
occurred  after  1956,  the  year  Congress  passed  the  National  Defense 
Highway  Act  creating  the  Interstate  Highway  System.   It  is  thought 
that  many  of  the  locational  decisions  after  1956  (and  perhaps  before) 
were  partially  affected  by  knowledge  of  the  location  of  Interstate 
highways . 

It  was  initially  intended  to  analyze  each  industrial  location 
event  for  which  data  were  available.   Once  data  acquisition  was 
begun,  it  became  apparent  that  analysis  of  each  event  would  take 
longer  than  anticipated.   With  over  1,000  industries  in  the  ETDD 
region,  it  was  impossible  to  complete  the  analysis  in  the  time 
allotted.   After  consultation  with  several  ORNL  statisticians,  a 
minimum  sample  size  of  150  industries  was  considered  to  be  adequate 
to  determine  the  statistical  significance  of  the  variables  believed 
to  be  associated  with  industrial  site  selection  processes.   (This 
represents  a  15  percent  sample  of  the  total  number  of  industries 
presently  within  ETDD  and  a  33  percent  sample  of  the  industries  which 
have  located  in  ETDD  since  1950.)   Industries  were  selected  in  a 
manner  to  maintain  a  homogenous  mixture  and  to  assure  an  adequate 
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regional  sample.   Efforts  were  also  made  to  maintain  a  s-ampling 
balance  between  metropolitan  and  rural  industry  according  to  plant 
distribution . 

As  mentioned  above,  addition il  data  sources  were  utilized  in  the 
analysis  along  with  historical  aerial  photography.   Itemized  below  are 
some  of  the  data  sources  utilized  in  acquiring  measures  of  the  vari- 
ables . 

INDEX  VARIABLE         PRIMARY  DATA  SOURCES 


10 


Site  Preparation 
Cost 


2 .   Market  Price  of 
Land 


3.   Proximity  to  Suit- 
able Labor  Force 


4.  Transportation 
Accessibility 


Drainage  con- 
ditions 


b.  Slope  of  Land 

c.  Vegetation  cover 

a.   Per  acre  cost 
of  land 


a.   Proportion  of 
urban  area 
within  2-1/2 


miles  of  site 
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a.   Distance  to 
major  roads, 
railroads, 
airports,  and 
waterways 


Soils  conditions  from 
ORNL  data  base;  aerial 
photography;  topo- 
graphic maps;  visual 
inspection 


Generalized  land  rent 
model;  topographic 
maps;  aerial  photog- 
raphy; local  opinion 

Aerial  photography; 
topographic  maps 


State  highway  maps; 
aerial  photography 


The  acquisition  of  data  was  subject  to  use  of  the  most  conve- 
nient method  of  acquisition  which  in  some  instances  could  only  be 
acquired  by  interview  as  part  of  the  ORNL  data  base  is  incomplete. 

The  2-1/2  mile  limit  was  selected  partly  on  the  basis  of 
observing  historical  patterns  of  industrial  location  but  mostly 
because  of  the  dimension  of  the  cell  to  be  used  in  the  ORNL  simulation 
model  (170  acres) . 
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INDEX 


Utilities 


Compatibility  with 
Existing  Land  Uses 


VARIABLE 

Kinds  and  qual- 
j  ties  avai } ab] e 
near  si  ce 


Types  of  adja- 
cent land  use 


Types  of  adja- 
cent zoning 


^PRIMARY  DATA  SOURCES 

Local  interviews; 

ut  i  1  i t y  and  mun  i  c ip  a  1 

service  maps;  topo- 
graphic maps;  aerial 
photography 

Local  interviews; 
aerial  photography; 
topographic  maps 

Zoning  maps;  local 
interviews 


7.   Neighborhood  or 
Community  Attrac- 
tiveness and 
Amenities 


8.   Industrial  Park 
Space 


a.  Condition  and     Field  observation; 
density  of  adja-  local  interviews; 
cent  land  uses    aerial  photography; 

census  data;  topo- 
graphic map 

b.  Proximity  to  Topographic  maps; 
hospitals,  aerial  photography; 
schools,  parks,  state  highway  maps; 
and  churches  field  observation 

a.  Availability  Local  planning 
of  suitable  office;  industrial 
building  or  land  park  maps;  aerial 
in  an  existing  photography 
industrial  park 

b.  Quality  of  park   Field  observation; 

local  interviews; 
aerial  photography 

In  addition  to  these  variables,  observations  were  tabulated  for: 
the  position  of  the  site  relative  to  Knoxville  to  determine  if  orien- 
tation toward  Knoxville  was  important;  the  existence  of  a  suitable 
building  on  the  site;  and  whether  the  site  was  located  within  a 
cluster  of  existing  industries. 

Statistical  Procedures 


It  was  expected  that  as  analysis  of  the  determinants  of  indus- 
trial location  progressed,  insight  would  be  acquired  as  to  the  proper 
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methodologies  to  be  employed  In  rating  and  evaluating  the  importance 
of  the  variables  examined.   As  the  study  progressed  and  the  complexi- 
ties of  the  industrial  site  selection  process  were  recognized,  it  was 
decided  that  simple  statistical  procedures  would  not  be  sufficient  to 
"untangle"  the  interacting  variables  to  produce  meaningful  answers. 
Therefore,  a  multivariate  procedure  (specifically  factor  analysis)  was 
chosen  to  describe  interconnection  of  the  variables  that  appear  to  be 
meaningfully  related  to  the  industrial  site  selection  process. 

There  are  several  reasons  for  this  decision.   Among  many  multi- 
variate procedures,  factor  analysis  is  distinguished  by  its  data- 
reduction  capabilities.   "Given  an  array  of  correlation  coefficients 
for  a  set  of  variables,  factor-analytic  techniques  enables  us  to  see 
whether  some  underlying  pattern  of  relationships  exists  such  that  the 
data  may  be  'rearranged'  or  'reduced'  to  a  smaller  set  of  factors  or 

components  that  may  be  taken  as  source  variables  accounting  for  the 

12 

observed  interrelations  in  the  data."  *"  Common  applications  of  the 

method  may  be  grouped  into  one  of  the  following  categories: 
"(1)  exploratory  uses  -  the  exploration  and  detection  of  patterning  of 
variables  with  a  view  of  the  discovery  of  new  concepts  and  a  possible 
reduction  of  data;  (2)  confirmatory  uses  -  the  testing  of  hypotheses 
about  the  structuring  of  variables  in  terms  of  the  expected  number  of 
significant  factors  and  factor  loadings;  and  (3)  uses  as  a  measuring 


12 

Norman  Nie,  Dale  H.  Bent,  and  C.  Haddie  Mull,  SPSS:   Statis- 
tical  Package  for  the  Social  Sciences  (New  York:   McGraw-Hill  Book 
Company,  1970),  p.  209. 
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device  -  the  construction  of  indices  to  be  used  as  new  variables  in 
later  analysis." 

Most  studies  utilizing  factor  analysis  employ  the  technique  tor 
exploratory  purposes.   Its  use  in  this  study  was:   1)  to  reduce  the 
original  set  of  variables,  2)  to  determine  if  the  variables  group  as 
previously  conceived,  and  3)  to  define  more  succinct  indexes  which 
describe  the  site-selection  process. 

"The  beauty  of  factor  analysis  is  that  it  takes  thousands 
of  measurements  and  qualitative  measurements  and  resolves  them  into 
distinct  patterns  of  occurrence."14   For  example,  the  data  matrix  in 
this  study  contains  (150  industries  x  30  variables)  4500  pieces  of 
information.   Factor  analysis  permits  one  to  identify  patterns  of 
relationships  among  these  data  which  would  be  impossible  for  the  human 
mind  alone. 

Factor  analysis  begins  with  the  construction  of  a  correlation 
matrix,  usually  through  the  use  of  Pearson  product-moment  correlation 
coefficients.   In  setting  up  the  correlation  matrix,  the  user  of 
factor  analysis  has  some  alternatives;  he  may  calculate  correlations 
among  variables  (or  attributes),  in  which  case  the  approach  is  called 
R- factor  analysis,  or  he  may  calculate  "association"  between  individ- 
uals or  objects,  which  is  known  as  Q-factor  analysis.   We  are  primarily 


13Ibid. 

14 

R.  J.  Rummel,  "Understanding  Factor  Analysis,"  The  Journal 
of  Conflict  Resolution,  XI  (December,  1967),  p.  445. 
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concerned  with  R-factor  analysis  in  this  study  as  the  desire  is  to 
group  or  elmunaLe  variables. 

The  second  step  in  factor  analysis  involves  the  reduction  of  the 
original  set  of  variables  to  a  sot  of  new  variables  on  the  basis  of 
the  interrelations  exhibited  in  the  data.   This  involves  one  of  two 
approaches,  principal-component  analysis  and  classical-  or  common- 
factor  analysis.   Principal-component  analysis  uses  "defined"  factors 
while  classical-factor  analysis  uses  "inferred"  factors.   This  study 
utilizes  the  classical-factor  analysis  approach.   The  end  result  is 
p-number  of  factors  which  hopefully  account  for  most  of  the  original 
total  variance  of  the  data. 

The  final  step  in  factor  analysis  involves  the  rotation  of  the 
p-dimensional  axis  to  simplify  the  identification  and  naming  of  the 
factors.   The  options  involve  either  an  orthogonal  rotation  method  or 
an  oblique  rotational  method.   "Orthogonal  rotation  is  mathematically 
simpler  to  handle,  while  oblique  factors  are  empirically  more  realis- 
tic."   The  mathematical  distinction  is  that  orthogonal  factors  are 
uncorrelated,  while  oblique  factors  may  be  correlated.   For  this 
study  an  orthogonal  rotation  was  utilized  called  VAR1MAX  which  centers 
on  simplifying  the  columns  of  a  factor  matrix  —  that  is,  the  inferred 
factors . 


15 

John  P.  Van  de  Geer,  Introduction  to  Multivatiate  Analysis 


for  the  Social  Sciences  (San  Francisco:   W.  H.  Freeman  and  Company, 
1971),  p.  128-129.   Recently  studies  have  varied  from  the  use  of 
product-moment  correlations  to  include  rank-correlation  coefficients 
and,  in  some  cases,  frequency  data. 

Nie  and  others,  p.  212. 
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The  results  of  the  factor  analysis  of  measurements  obtained  on  30 
variables  for  157  industries  along  with  simple  statistical  descriptions 
of  the  variables  are  presented  in  the  next  chapter. 


CHAPTER  IV 
EMPIRICAL  ANALYSIS 

This  chapter  presents  the  results  of  an  analysis  of  certain 
variables  believed  to  be  related  to  industrial  site-selection  events 
which  have  occurred  in  the  ETDU  region  since  1950.   Descriptive 
statistics  of  each  variable  are  presented  first,  followed  by  the 
results  of  the  factor  analysis. 

Descriptive  Statistics 


This  analysis  made  use  of  a  system  of  computer  programs  called 
the  Statistical  Package  for  the  Social  Sciences  (SPSS)  designed  by 
Norman  Nie  and  Dale  Brent.    These  package  programs  permit  a  variety 
of  analysis  procedures  and  means  ior  presentation  of  results. 


Description  of  Sample 

This  analysis  is  based  upon  a  sample  of  157  industries,  15 
percent  of  the  total  number  of  industries  in  the  region.   Fifty 
percent  of  these  industries  located  in  the  region  since  1964  and  25 
percent  since  1968.   Approximately  50  percent  of  the  industries 


1Norman  Nie,  Dale  H.  Bent,  and  C.  Hadlai  Hull,  SPSS:  Statis- 
tical Package  for  the  Social  Sciences  (New  York:  McGraw-Hill  Book 
Company,  1970) . 
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sampled  had  50  employees  or  less,  with  80  percent  of  the  industries 
sampled  with  less  than  200  employees.  Only  2  percent  of  the  sample 
had  over  1000  employees. 

Table  S  presents  a  breakdown  of  the  sample  by  SIC  number  relative 
to  the  total  number  of  industries  in  the  ETDD  region.   The  mixture  is 
proportional  to  the  total  regional  mixture  of  industries  when  one 
considers  that  some  SIC  categories  have  few  new  industries. 

Description  of  Variable  Measurements 

For  each  of  the  157  industrial  site-selection  events  analyzed, 
measurements  were  obtained  for  50  variables.   The  tables  which  follow 
provide  a  statistical  summary  of  these  data.   Appendix  A  contains  a 
sample  survey  form  used  to  record  these  measurements.   Ordinal  scores 
from  one  to  ten  were  used  for  variables  which  required  measurements 
of  absolute  or  relative  value:   1  =  lowest  value,  and  10  =  greatest 
value.   Measurements  requiring  yes  or  no  answers  were  scored:   1  = 
yes  and  10  =  no. 

Measurement  of  the  slope  and  drainage  characteristics  obtained 
for  the  industrial  sample  are  presented  in  Tables  9  and  10  respec- 
tively.  Flat  sites  (less  than  1%  slope)  were  scored  1  and  steep 
slope  sites  (50%  or  greater]  were  scored  10.   Preference  for  gentle 
sloping  terrain  is  obvious  from  the  data.   These  sites,  however,  were 

i 

not  always  located  in  extensive  flat  areas.  Many  small  local  indus- 
tries seem  to  prefer  small  flat  sites  which  may  be  surrounded  by 
steeper  sloping  land.   Drainage  conditions  were  assessed  on  the  basis 
of  (1-5)  =  no  water  problems,  (4-7)  =  some  problems,  and  (8-10)  = 
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Industry  Type 

SIC  20  -  Food 
SIC  22  -  Textile 
SIC  23  -  Clothing 
SIC  24  -  Lumber 
SIC  25  -  Furniture 
SIC  26  -  Paper 
SIC  27  -  Printing 
SIC  28  -  Chemical 
SIC  29  -  Petroleum 
SIC  30  -  Rubber  5  Plastic 
SIC  31  -  Leather 
SIC  32  -  Stone,  Clay 
SIC  33  -  Prim.  Metals 
SIC  34  -  Fab.  Metals 
SIC  35  -  Mach  (Ex.  Elec.) 
SIC  36  -  Elec.  Mach. 
SIC  37  -  Trans 
SIC  38  -  Instruments 
SIC  39  -  Misc. 
Totals 


Number  in 
Sample 


9 

12 

25 

4 

6 

7 

1 

7 

2 

15 

6 

15 

7 

8 

5 

1 

7_ 

157 


Total  Number  of  ETDD 
Industries  in  1973" 


112 
40 
67 

110 
64 
7 
93 
42 
10 
14 
15 
86 
18 
86 
75 
25 
20 
21 

975 


DISTRIBUTION  OF  SAMPLE  BY  SIC  CATEGORY 
TABLE  8 


The  total  number  of  industries  in  1974  is  1002.   These  figures 
are  based  upon  a  census  conducted  in  1972-75. 
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Relative 

Adjusted 

Cumulative 

Absolute 

Frequency 

Frequency 

Adj  Freq 

Value 

Frequency 

(Percent) 

(Percent) 

(Percent) 

1.00 

57 

23.6 

23.6 

25.6 

2.00 

33 

21.0 

21.0 

44.6 

3.00 

55 

22.3 

22.5 

66.9 

4.00 

26 

16.6 

16.6 

S3.  4 

5.00 

15 

9.6 

9.6 

95.0 

6.00 

6 

3.8 

3.8 

96.  S 

7.00 

1 

0.6 

0.6 

97.5 

8.00 

2 

1.5 

1.3 

98.7 

9.00 

2 

1.3 

1.3 

100.0 

0.0 

0 

0.0 

Missing 

100.0 

Total 

157 

100.0 

100.0 

100.0 

Statistics 

Mean  2.955      Mode  1.000       Median  2.743       Kurtosis  1.136 
Std  Dev  1.715  Skewness  1.005  Variance  2.940 

Missing  Observations  0 

VARIABLE  -  SLOPE  OF  LAND 
TABLE  9 
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Relative 

Adjusted 

Cumulative 

Absolute 

Frequency 

Frequency 

Adj  Freq 

Value 

Frequency 

(Percent) 

(Percent) 

(Percent) 

1.00 

113 

72.0 

72.0 

72.0 

2.00 

24 

15.3 

15.3 

87.3 

3.00 

12 

7.6 

7.6 

94.9 

4.00 

2 

1.3 

1.3 

96.2 

5.00 

3 

1.9 

1.9 

98.1 

6.00 

1 

0.6 

0.6 

98.7 

7.00 

1 

0.6 

0.6 

99.4 

8.00 

1 

0.6 

0.6 

100.0 

0.0 

0 

0.0 

Missing 

100.0 

Total 

157 

100.0 

100.0 

100.0 

Statistics 

Mean  1.535      Mode  1.000       Median  0.0         Kurtosis  10.739 
Std  Dev  1.141  Skewness  3.031  Variance  1.502 

Missing  Observations  0 

VARIABLE  -  DRAINAGE 
TABLE  10 
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frequent  problems.   Most  of  the  industrial  sites  examined  appeared  to 
have  few  or  no  problems  with  flooding. 

Cover  conditions  present  few  pi  obi  ems  in  the  site  selection 
process  simply  because  of  the  amount  of  land  available  which  has 
already  been  cleared  for  agriculture.   Sixty- three  percent  of  the 
industries  located  on  sites  with  no  clearing  problems  at  all  (Table 
11). 

Measurements  of  the  distance  to  the  center  of  town  were  scored 
according  to  the  position  of  the  site  relative  to  the  urban  developed 
area.   For  example,  sites  in  or  near  the  center  of  town  were  scored 
from  1-3,  suburban  or  urban  fringe  sites  from  4-7,  and  sites  in  rural 
or  remote  areas  from  8-10.   Suburban  and  urban  fringe  areas  seem  to 
be  the  preferred  location  of  those  industries  sampled  (Table  12). 

Distance  to  the  nearest  major  throughfare  was  included  to  measure 
the  importance  of  proximity  to  main  streets  in  the  CBD  or  major 
routes  radiating  from  the  CBD.   Sites  adjacent  to  major  throughfares 
were  scored  (1).   Sites  displaced  2  or  3  blocks  were  scored  2  to  4. 
Sites  remote  from  major  urban  throughfares  were  scores  6-10.   Most  of 
the  sites  surveyed  were  located  just  off  major  urban  throughfares 
(Table  13). 

Measurements  for  the  densi ty  of  land  use  in  the  immediate  vicinity 
of  the  site  have  a  double-modal  distribution  reflecting  industry 
preference  for  two  types  of  sites,  urban  fringe  sites  of  medium  den- 
sity, and  historical  industrial  sites  situated  near  the  CBD  (Table 
14). 
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Relative 

Adjusted 

Cumulative 

Absolute 

Frequency 

Frequency 

Adj  Freq 

Value 

Frequency 

(Percent) 

(Percent) 

(Percent) 

1.00 

95 

60.5 

63.  3 

63.3 

2.00 

11 

7.0 

7.3 

70.7 

3.00 

8 

5.1 

5.3 

76.0 

4.00 

7 

4.5 

4.7 

80.7 

5.00 

2 

1.3 

1.3 

92.0 

6.00 

7 

4.5 

4.7 

86.7 

7.00 

7 

4.5 

4.7 

91.3 

8.00 

5 

3.2 

3.3 

94.7 

9.00 

5 

3.2 

3.3 

98.0 

10.00 

3 

1.9 

2.0 

100.0 

0.0 

7_ 

4.5 

Missing 

100.0 

Total 

157 

100.0 

100.0 

100.0 

Statistics 

Mean  2.567      Mode  1.000       Median  0.0        Kurtosis  0.927 
Std  Dev  2.597  Skewness  1.516  Variance  6.744 

Missing  Observations  7 

VARIABLE  -  CLEARING-COVER  CONDITIONS 
TABLE  11 


US 


Value 

Absolute 
Frequency 

Relative 

Frequency 
(Percent) 

\d  justed 
Frequency 
(Percent) 

Cumulative 

Adj  Freq 
(Percent) 

1.00 

12 

7.6 

7.7 

7.7 

2.00 

12 

7.6 

7.7 

15.4 

3.00 

23 

14.6 

14.7 

50.1 

4.00 

12 

7.6 

7.7 

37.  S 

5.00 

29 

18.5 

18.6 

56.4 

6.00 

12 

7.6 

7.7 

64.1 

7.00 

17 

10.8 

10.9 

75.0 

8.00 

14 

8.9 

9.0 

84.0 

9.00 

14 

8.9 

9.0 

92.9 

10.00 

11 

7.0 

7.1 

100.0 

0.0 

1 

0.6 

Missing 

100.0 

Total 

157 

100.0 

100.0 

100.0 

Statistics 

Mean  5.365      Mode  5.000       Median  5.155       Kurtosis  -1.027 
Std  Dev  2.650  Skewness  0.107  Variance  7.020 

Missing  Observations  1 

VARIABLE  -  DISTANCE  TO  CENTER  OF  TOWN- 
TABLE  12 
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Value 

Absolute 
Frequency 

Relative 
Frequency 
(Percent) 

Adjusted 
Frequency 
(Percent) 

Cumulative 
Adj  Freq 
(Percent) 

1.00 

49 

51.2 

31.8 

31.8 

2.00 

S3 

52.9 

53.9 

85.7 

5.00 

18 

11.5 

11.7 

97.4 

5.00 

2 

1.3 

1.5 

93.7 

6.00 

1 

0.6 

0.6 

99.4 

10.00 

1 

0.6 

0.6 

100.0 

0.0 

5 

1.9 

Missing 

100.0 

Total 

157 

100.0 

100.0 

100.0 

Statistics 

Mean  1.916      Mode  2.000       Median  1.837       Kurtosis  24.461 
Std  Dev  1.035  Skewness  3.789  Variance  1.071 

Missing  Observations  3 

VARIABLE  -  DISTANCE  TO  NEAREST  MAJOR  THROUGHFARE 

TABLE  13 
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Relative 

Ad  justed 

Cumulative 

Absolu 

to 

Frequency 

Frequency 

Adj  Freq 

Value 

Frequen 

cy 

(Percent) 

(Percent) 

(Percent) 

1.00 

28 

17.8 

17.9 

17.9 

2.00 

16 

10.2 

10.5 

28.2 

5.00 

29 

18.5 

18.6 

46.8 

4.00 

15 

8.5 

8.5 

55.1 

5.00 

6 

5.8 

5.8 

59.0 

6.00 

14 

8.9 

9.0 

67.9 

7.00 

16 

10.2 

10.5 

78.2 

8.00 

12 

7.6 

7.7 

85.9 

9.00 

17 

10.8 

10.9 

96.8 

10.00 

5 

5.2 

5.2 

100.0 

0.0 

1 

0.6 

Missing 

100.0 

Total 

157 

100.0 

100.0 

100.0 

Statistics 

Mean  4.64]      Mode  3.000       Median  3.885       Kurtosis  -1.273 
Std  Dev  2.878  Skewness  0.299  Variance  8.285 

Missing  Observations  1 

VARIABLE  -  DENSITY  OF  LAND  USE  IN  IMMEDIATE  VICINITY 
TABLE  14 


121 


Estimates  of  the  unit  price  of  land  were  based  upon  the  location 
of  the  site  relative  to  the  CBD  and  major  thoroughfares.   The  distribu- 
tion is  flat-topped  (platykurtic)  indicating  industry  prefers  a  middle 
r-age  in  land  values  (Table  15).   This  agrees  with  the  theoretical 
statements  noted  in  Chapter  II. 

Measurements  of  the  proportion  of  urban  area  within  2-1/2  miles 
of  the  industrial  site  were  included  in  the  survey  more  for  future 
analysis  purposes  than  for  the  purpose  of  this  study.   Additional 
data  necessary  to  give  the  measure  meaning  were  not  digitized  at  a 
fine  enough  scale  at  the  time  of  this  study.   Census  variables  such 
as  average  value  of  housing,  percent  of  workers  in  manufacturing, 
median  family  income,  etc.,  are  presently  being  digitized  by  census 
tract,  enumeration  districts,  or  aggregates  of  enumeration  districts, 
called  parcels.   Approximately  189  variables  are  being  stored  and  the 
additional  programming  assistance  to  acquire  access  to  them  was  not 
available  to  this  researcher. 

Knowledge  of  the  sample  pattern  permits  one  to  interpret  the 
frequency  distribution  in  Table  16.   Forty-five  percent  of  the  sample 
industrial  sites  were  located  in  the  Knoxville  region  and  approxi- 
mately 70  percent  of  these  were  located  on  the  fringe  of  Knoxville. 
Because  of  the  site  of  Knoxville,  the  2-1/2  mile  radius  rarely  encir- 
cled more  than  40  percent  (score  =  4)  of  the  urbanized  area.3  The 


3 
The  2-1/2  mile  radius  was  selected  on  the  basis  of  two  consid- 
erations.  If  proximity  to  a  suitable  work  force  has  any  effect  upon 
the  site  selection  process,  it  was  decided  that  2-1/2  miles  would  be 
approximately  the  maximum  distance  which  could  be  considered  convenient 
to  the  work  place.   Secondly,  the  2-1/2  mile  dimension  conveniently 
integrates  with  this  cell  dimension  to  be  used  in  the  ORNL  land  use 
model . 
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Relative 

Adjust  eel 

Cumulative 

Absolute 

Frequency 

Frequency 

Adj  Freq 

Value 

Frequency 

(Percent) 

(Percent) 

(Percent) 

1.00 

4 

2.5 

2.6 

2.6 

2.00 

15 

10.  S 

8.4 

11.0 

3.00 

17 

10.8 

11.0 

22.1 

4.00 

J7 

10.8 

11.0 

35.1 

5.00 

16 

10.2 

10.4 

43.5 

6.00 

24 

15.3 

15.6 

59.1 

7.00 

50 

19.1 

19.5 

78.6 

8.00 

21 

15.4 

13.6 

92.2 

9.00 

11 

7.0 

7.1 

99.4 

10.00 

1 

0.6 

0.6 

100.0 

0.0 

3 

1.9 

Missing 

100.0 

Total 

157 

100.0 

100.0 

100.0 

Statistics 

Mean  5.584      Mode  7.000       Median  5.917       Kurtosis   0.934 
Std  Dev  2.210  Skewness  -0.268  Variance  4.885 

Missing  Observations  3 

VARIABLE  -  RATING  OF  PRICE  CF  LAND 
TABLE  15 
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Relative 

Adj  us  ted 

Cumulative 

Absolute 

Frequency 

Frequency 

Adj  Freq 

Value 

Frequency 

(Percent) 

(Percent) 

(Percent) 

1.00 

46 

29.3 

29.3 

29.3 

2.00 

15 

9.6 

9.6 

38.9 

3.00 

6 

3.8 

3.8 

42.7 

4.00 

22 

14.0 

14.0 

56.7 

5.00 

7 

4.5 

4.5 

61.1 

6.00 

4 

2.5 

2.5 

63.7 

7.00 

5 

3.2 

3.2 

66.9 

8.00 

15 

9.6 

9.6 

76.4 

9.00 

13 

8.3 

8.3 

84.7 

10.00 

24 

15.3 

15.5 

100.0 

0.0 

0 

0.0 

Missing 

100.0 

Total 

157 

100.0 

100.0 

100.0 

Statistics 

Mean  4.796      Mode  1.000       Median  4.025       Kurtosis  -1.490 
Std  Dev  3.469  Skewness  0.310  Variance  12.035 

Missing  Observations  0 


VARIABLE  -  PROPORTION  OF  URBAN  AREA 
WITHIN  TWO  AND  A  HALF  MILES 


TABLE  16 
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remainder  of  the  sample  included  sites  near  small  communities  and 
frequently  the  2-1/2  mile  circle  would  include  most  of  the  urbanized 
area  (score  =  8-10). 

Distance  to  major  highway  was  measured  differently  from  distance 
to  major  thoroughfare.   This  measure  was  included  to  determine  if 
proximity  to  federal  and  state  highways  functioning  at  the  time  of 
the  location  event  affect  site  choices  differently  than  proximity  to 
major  thoroughfares.   Most  of  the  sites  were  located  close  to  major 
highways  (Table  17);  however,  10  sites  were  located  in  areas  10  or 
more  miles  from  a  major  highway. 

Distance  to  secondary  road  was  intended  to  measure  the  importance 
of  egress  and  ingress  to  the  plant  site.   It  was  believed  that  most 
industries  would  prefer  sites  which  did  not  require  plant  traffic  to 
interact  directly  with  a  major  highway.   The  distribution  in  Table  18 
indicates  response  to  this  factor. 

Although  60  percent  of  the  sites  examined  were  adjacent  to  rail- 
roads, the  importance  of  rail  accessibility  in  current  location  deci- 
sions is  questionable.  Many  of  the  sites  occupied  in  the  last  decade 
were  inaccessible  to  rail  service  (score  =  10)  or  they  could  be 
served  only  with  great  difficulty  (score  =  5-9)  (Table  19). 

Distance  to  waterway  was  considered  to  have  potential  site 
importance  to  only  a  few  industry  types.  This  study,  however,  is 
concerned  with  the  development  of  a  general  site  selection  algorithm. 
Consequently  distance  to  waterway  was  included.  Sixty  percent  of  the 
sites  included  in  the  study  were  inaccessible  to  TVA  waterways  (Table 
20)  indicating  the  importance  of  this  factor  to  be  relatively  low  for 
most  industry  types.   Some  of  the  sites  near  Knoxville,  Lenoir  City, 
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Relative 

Adjusted 

Cumulative 

Value 

Absolu 
Frequen 

te 
cy 

Frequency 
(Percent) 

Frequency 
(Percent) 

Adj  Freq 
(Percent) 

1.00 

36 

22.9 

22  .9 

22.9 

2.00 

101 

64.3 

64.3 

87.3 

3.00 

10 

6.4 

6.4 

93.6 

5.00 

2 

1.3 

1.5 

94.9 

10.00 

8 

5.1 

5.1 

100.0 

0.0 

0 

0.0 

Missing 

100.0 

Total 

157 

100.0 

100.0 

100.0 

Statistics 

Mean  2.280      Mode  2.000       Median  1.921       Kurtosis  11.143 
Std  Dev  1.901  Skewness  3.414  Variance  5.613 

Missing  Observations  0 

VARIABLE  -  DISTANCE  TO  MAJOR  HIGHWAY 
TABLE  17 
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Value 

Absolute 
Frequency 

Relative 
Frequency 
(Percent) 

Adjusted 
Frequency 
(Percent) 

Cumulative 
Adj  Freq 
(Percent) 

1.00 

146 

93.0 

93.0 

93.0 

2.00 

8 

5.1 

5.1 

98.1 

3.00 

2 

1.3 

1.3 

99.4 

5.00 

1 

0.6 

0.6 

100.0 

0.0 

0 

0.0 

Missing 

100.0 

Total 

157 

100.0 

100.0 

100.0 

Statistics 

Mean  1.102      Mode  1.000       Median  1.0 
Std  Dev  0.441  Skewness  5.881 

Missing  Observations  0 


Kurtosis  41.611 
Variance  0.195 


VARIABLE  -  DISTANCE  TO  SECONDARY  ROAD 
TABLE  18 
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Value 

Absolute 
Frequency 

Relative 
Frequency 
(Percent) 

Adjusted 
Frequency 
(Percent) 

Cumulative 
Adj  Freq 
(Percent) 

1.00 

80 

51.0 

51.0  - 

51.0 

2.00 

17 

10.8 

10.8 

61.8 

3.00 

6 

3.8 

3.8 

65.6 

4.00 

5 

3.2 

3.2 

68.8 

5.00 

2 

1.3 

1.3 

70.1 

6.00 

5 

3.2 

3.2 

73.2 

7.00 

3 

1.9 

1.9 

75.2 

8.00 

12 

7.6 

7.6 

82.8 

9.00 

1 

0.6 

0.6 

83.4 

10.00 

26 

16.6 

16.6 

100.0 

0.0 

0 

0.0 

Missing 

100.0 

Total 

157 

100.0 

100.0 

100.0 

Statistics 

Mean  3.682      Mode  1.000       Median  1.3         Kurtosis  -0.950 
Std  Dev  3.563  Skevvness  0.886  Variance  12.693 

Missing  Observations  0 

VARIABLE  -  DISTANCE  TO  RAILWAY 
TABLE  19 
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Relative 

Adjusted 

Cumulative 

Absolute 

Frequency 

Frequency 

Adj  Freq 

Value 

Frequency 

(Percent) 

(Percent) 

(Percent) 

1.00 

3 

1.9 

1.9 

1.9 

2.00 

8 

5.1 

5.1 

7.1 

3.00 

5 

3.2 

3.2 

10.3 

4.00 

5 

3.2 

3.2 

13.5 

5.00 

6 

3.8 

3.8 

17.3 

6.00 

3 

1.9 

1.9 

19.2 

7.00 

5 

3.2 

3.2 

22.4 

8.00 

14 

8.9 

9.0 

31.4 

9.00 

10 

6.4 

6.4 

37.8 

10.00 

97 

61.8 

62.2 

100.0 

0.0 

1 

0.6 

Missing 

100.0 

Total 

157 

100.0 

100.0 

100.0 

Statistics 

Mean  8.391      Mode  10.000      Median  9.3         Kurtosis  0.967 
Std  Dev  2.646  Skewness  -1.534  Variance  7.001 

Missing  Observations  1 

VARIABLE  -  DISTANCE  TO  WATERWAY 
TABLE  20 
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and  Loudon  were  close  to  public  docks  and,  therefore,  received  lower 
accessibility  values,  but  only  three  sites  surveyed  had  dock-site 
access  at  the  plant. 

Commercial  airport  accessibility  may  be  considered  as  both  a 
regional  influence  and  a  local  influence  in  industrial  site  selection 
decisions  particularly  in  the  case  of  small  to  medium-sized  industries. 
The  effect  of  small  airports  in  the  decision  process  was  not  considered 
due  to  the  widespread  distribution  of  private  and  municipal  airports 
throughout  the  region.   The  frequency  distribution  probably  reflects 
the  regional  spread  of  industry  more  than  the  importance  of  the  factor 
in  the  site  selection  process  (Table  21). 

Distance  to  Interstate  highway  interchange  measures  the  impor- 
tance that  proximity  to  the  Interstate  system  may  have  on  the  site 
selection  process.   Sites  within  two  miles  were  scored  a  1;  sites 
farther  away  were  scored  on  the  basis  of  2-mile  increments  for  each 
number  assigned.   Approximately  90  percent  of  the  industries  surveyed 
have  located  or  relocated  since  the  Interstate  highway  system  was 
created  in  1956.   Eighty-eight  percent  of  the  sites  were  within  eight 
miles  of  an  interchange  (Table  22). 

Two  measures  of  the  overall  quality  of  accessibility  were  included 
in  this  analysis  to  determine  if  a  collective  measure  of  accessibility 
would  be  significantly  different  from  individual  measures  of  accessi- 
bility and  to  determine  if  the  overall  quality  of  the  accessibility 
has  significantly  changed  since  the  location  event.   The  latter  may 
indicate  whether  industry  location  may  influence  future  transportation 
improvements.   The  measures  were  overall  quality  of  accessibility  then 
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Relative 

Adji  itcd 

Cumulative 

Absolute 

Frequency 

Frequency 

Adj  Freq 

Value 

Frequency 

(Percent) 

(Percent) 

(Percent) 

1.00 

1 

0.6 

0.6 

0.6 

2.00 

8 

5.1 

5.1 

5.8 

3.00 

32 

20.4 

20.5 

26.3 

4.00 

14 

8.9 

9.0 

35.3 

5.00 

12 

7.6 

7.7 

42.9 

6.00 

3 

1.9 

1.9 

44.9 

7.00 

2 

1.3 

1.3 

46.2 

8.00 

6 

3.8 

3.8 

50.0 

9.00 

2 

1.3 

1.3 

51.3 

10.00 

76 

48.4 

4S.7 

100.0 

0.0 

1 

0.6 

Missing 

100.0 

Total 

157 

100.0 

100.0 

100.0 

Statistics 

Mean  6.968      Mode  10.000      Median  8.500       Kurtosis  -1.708 
Std  Dev  3.236  Skewness  -0.289  Variance  10.470 

Missing  Observations  1 

VARIABLE  -  DISTANCE  TO  AIRPORT 
TABLE  21 
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Relative 

Adjusted 

Cumulative 

Absolu 

te 

Frequency 

Frequency 

Adj  Freq 

Value 

Frequency 

(Percent) 

(Percent) 

(Percent) 

1.00 

58 

36.9 

37.4 

37.4 

2.00 

21 

13.4 

13.5 

51.0 

3.00 

48 

30.6 

31.0 

81.9 

4.00 

10 

6.4 

6.5 

88.4 

6.00 

6 

3.8 

3.9 

92.3 

8.00 

2 

1.3 

1.3 

93.5 

10.00 

10 

6.4 

6.5 

100.0 

0.0 

2 

1.3 

Missing 

100.0 

Total 

157 

100.0 

100.0 

100.0 

Statistics 

Mean  2.813      Mode  1.000       Median  2.429       Kurtosis  3.285 
Std  Dev  2.352  Skewness  1.927  Variance  5.530 

Missing  Observations  2 

VARIABLE  -  DISTANCE  TO  NEAREST  INTERSTATE 
TABLE  22 


(Table  25)  and  overall  quality  of  accessibility  now  (Table  24) .   Some 
improvement  can  be  noted  (the  mean  distance  changed  from  4.55  to 
4.10).   Overall  accessibility  now  was  not  Incorporated  into  the  factor 
analysis . 

Tables  25,  26,  and  27  reflect  measurements  of  the  availability 
of  utilities  at  the  site  before  the  industrial  location  event.   In 
90  percent  of  the  cases,  both  water  and  gas  were  available  at  the 
site  and  in  approximately  70  percent  of  the  cases  municipal  sewage  was 
available.   It  was  noted  that  many  industries  locate  beyond  the  city 
limits  to  avoid  restrictions  but  enjoy  other  city  benefits.   In  such 
instances  only  minimum  sewage  treatment  is  required  and  the  industries 
will  install  their  own  facilities.   This  is  reflected  by  the  lower 
percentage  of  sites  selected  having  preexisting  sewage  treatment 
facilities . 

Table  28,  29,  and  50  reflect  measurements  of  compatibility 
associated  with  the  sites  surveyed.   Attributes  which  were  measured 
include:   Did  the  community  have  zoning  at  the  time  of  the  event? 
Was  the  site  zoned  for  industry?  and  Was  industry  already  in  the 
immediate  area?   Industrial  zoning  affects  site  selection  signifi- 
cantly (60  percent  of  the  sites  examined  were  located  in  areas  zoned 
for  industry) .   This  is  interesting  considering  Tennessee  does  not 
require  counties  to  exercise  zoning  control  and  consequently  industry 
is  not  restricted  by  public  policy  in  site  selection.   County  govern- 
ments, however,  can  exercise  quasi- zoning  control  by  limiting  coopera- 
tion in  road  construction  and  other  services.   The  existence  of  other 
industries  nearby  the  potential  sites  also  appears  to  be  a  strong 
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Value 

Absolute 
Frequency 

Relative 
Frequency 
(Percent) 

Adjusted 
Frequency 
(Percent) 

Cumulative 
Adj  Freq 
(Percent) 

1.00 

1 

0.6 

0.6 

0.6 

2.00 

14 

8.9 

9.1 

9.7 

5.00 

24 

15.3 

15.6 

25.3 

4.00 

24 

15.5 

15.6 

40.9 

5.00 

60 

38.2 

39.0 

79.9 

6.00 

20 

12.7 

13.0 

92.9 

7.00 

4 

2.5 

2.6 

95.5 

8.00 

7 

4.5 

4.5 

100.0 

0.0 

__5^ 

1.9 

Missing 

•100.0 

Total 

157 

100.0 

100.0 

100. 0 

Statistics 

Mean  4.552      Mode  5.000       Median  4.733       Kurtosis  -0.007 
Std  Dev  1.469  Skewness  0.084  Variance  2.157 

Missing  Observations  3 

VARIABLE  -  OVERALL  QUALITY  OF  ACCESSIBILITY -THEN 
TABLE  23 
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Relative 

Adjusted 

Cumulative 

Value 

Absolute 
Frequency 

Frequency 
(Percent) 

Frequency 

(Percent) 

Adj  Freq 
(Percent) 

1.00 

5 

3.2 

3.2 

3.2 

2.00 

17 

10.8 

11.0 

14.3 

3.00 

26 

16.6 

16.6 

31.2 

4.00 

53 

33.8 

34.4 

65.6 

5.00 

30 

19.1 

19.5 

85.1 

6.00 

13 

8.3 

8.4 

93.5 

7.00 

6 

3.8 

3.9 

97.4 

8.00 

3 

1.9 

1.9 

99.4 

9.00 

1 

0.6 

0.6 

100.0 

0.0 

3 

1.9 

Missing 

100.0 

Total 

157 

100.0 

100.0 

100.0 

Statistics 

Mean  4.104      Mode  4.000       Median  4.047       Kurtosis  0.481 
Std  Dev  1.505  Skewness  0.400  Variance  2.264 

Missing  Observations  3 

VARIABLE  -  OVERALL  QUALITY  OF  ACCESSIBILITY-NOW 
TABLE  24 


Value 

Absolute 

Frequency 

F 

.elat  i-ve 
•equency 
ercenl ) 

Adjusted 
Frequency 
(Percent  J 

Yes 

1.00 

141 

89.8 

89.  S 

No 

10.00 

16 

10.2 

10.2 

0.0 

0 

0.0 

Missing 

Total 

157 

100.0 

100.0 

VARIABLE  -  CITY  WATER  AVAILABILITY 
TABLE  25 


Relative 

Adjusted 

Absolute 

Frequency 

Frequency 

Value 

Frequency 

(Percent) 

(Percent) 

Yes 

1.00 

106 

67.5 

69.5 

No 

10.00 

47 

29.9 

30.7 

0.0 

4 

2.5 

Missing 

Total 

157 

100.0 

100.0 

VARIABLE  -  CITY  SEWAGE  AVAILABILITY 
TABLE  26 
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Value 

At) 
Fre 

solute 
quenc.}' 

Relative 
Frequency 
(Percent) 

Adjusted 
Frequency 
(Percent) 

Yes 

1.00 

137 

87.5 

87.5 

No 

10.00 

20 

12.7 

12.7 

0.0 

0 

0.0  ' 

Missing 

157 

100.0 

100.0 

VARIABLE  -  GAS  AVAILABILITY 
TABLE  27 


Value 

Absolute 
Frequency 

Relative 
Frequency 
(Percent) 

Adjusted 
Frequency 
(Percent) 

Yes 

1.00 

98 

62.4 

63.2 

No 

10.00 

57 

36.3 

36.7 

0.0 

2 

1.3 

Missing 

Total 

157 

100.0 

100.0 

VARIABLE  -  DID  COMMUNITY  HAVE  ZONING  THEN? 
TABLE  28 


Relativ 

e 

Adjusted 

Absolute 

Frequenc 

V 

Frequency 

Value 

Frequency 

(Percent 

) 

(Percent) 

Yes 

1.00 

87 

55.4 

65.9 

No 

10.00 

45 

2S.7 

34.1 

0.0 

__25 

15.9 

Missing 

Total 

157 

100.0 

100.0 

VARIABLE  -  WAS  SITE  ZONED  FOR  INDUSTRY? 
TABLE  29 


Relative 

Adjusted 

Absolute 

Frequency 

Frequency 

Value 

Frequency 

(Percent) 

(Percent) 

Yes 

1.00 

110 

70.1 

71.4 

No 

10.00 

44 

28.0 

28.6 

0.0 

3 

1.9 

Missing 

Total 

157 

100.0 

100.0 

VARIABLE  -  WAS  INDUSTRY  ALREADY  IN  AREA? 
TABLE  30 
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influence  in  the  site  selection  process.   This  applies  in  both  urban 
fringe  and  near  CBD  cases. 

In  lieu  of  recording  each  type  of  land  use  adjacent  to  the  sites 
surveyed,  an  aggregate  measure  of  land  use  compatibility  (the  overall 
rating  of  continuous  land  use  compatibility)  was  included.  Measure- 
ments varied  from  1  =  no  problem  with  adjoining  land  use  (e.g.,  situa- 
tions with  industry  all  around  or  open  farm  land  or  forest  land  all 
around)  to  10  =  significant  compatibility  problems  (e.g.,  situations 
where  the  site  was  adjacent  to  a  wealthy  neighborhood,  a  hospital,  or 
recreation  area.  Very  few  sites  were  objectionably  located  and  most 
of  those  cases  were  in  small  communities  where  complainants  would  be 
few  (Table  31). 

Condition  of  neighborhood  was  included  to  measure  the  effect  of 
value  of  housing  on  site  selection  processes.   This  was  also  con- 
sidered a  surrogate  measure  of  family  income  and  worker  occupation 
types  nearby  the  sites.   Difficulty  was  incurred  in  applying  the 
measure  to  sites  in  rural  or  open  land.   As  can  be  seen  from  Table  32, 
the  distribution  is  platykurtic  with  some  skewness  toward  low  quality 
neighborhoods . 

The  number  of  community  services  nearby  the  site  was  assessed  to 
determine  if  proximity  to  gas  stations,  restaurants,  parks,  golf 
courses,  clubs,  banks,  and  other  commercial  development  affected 
industrial  site  selection.   Table  33  indicates  that  70  percent  of  the 
sites  had  at  least  two  services  nearby  and  30  percent  had  four  or  more 
Measurements  of  this  variable,  however,  present  problems  when  indus- 
tries locate  near  existing  industrial  development.   In  subsequent 
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Relative 

Adjusted 

Cumulative 

Absolute 

Frequency 

Frequency 

Adj  Freq 

Value 

Frequency 

(Percent) 

(Percent) 

(Percent) 

1.00 

58 

36.9 

37.7 

37.7 

2.00 

30 

19.1 

19.5 

57.1 

3.00 

26 

16.6 

16.9 

74.0 

4.00 

19 

12.1 

12.3 

86.4 

5.00 

11 

7.0 

7.1 

95.5 

6.00 

5 

3.2 

3.2 

96.8 

7.00 

5 

1.9 

1.9 

98.7 

8.00 

2 

1.3 

1.3 

100.0 

0.0 

3 

1.9 

Missing 

100.0 

Total 

157 

100.0 

100.0 

100.0 

Statistics 

Mean  2.558      Mode  1.000       Median  2.133       Kurtosis  0.566 
Std  Dev  1.692  Skewness  1.061  Variance  2.8( 

Missing  Observations  3 

VARIABLE  -  OVERALL  RATING  OF  CONTIGUOUS  LAND  USE  COMPATIBILITY 

TABLE  31 
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Value 

Absolute 
Frequency 

Relative 
Frequency 
(Percent) 

Adj'.sted 
Frequency 
(Percent) 

Cumulative 
Adj  Freq 
(Percent) 

2.00 

3 

1.9 

2.0 

2.0 

3.00 

22 

14.0 

14.7 

16.7 

4.00 

26 

16.6 

17.3 

34.0 

5.00 

35 

22.5 

23.3 

57.3 

6.00 

26 

16.6 

17.3 

74.7 

7.00 

17 

10.8 

11.3 

86.0 

8.00 

17 

10.8 

11.3 

97.3 

9.00 

4 

2.5 

2.7 

100.0 

0.0 

7 

4.5 

Missing 

100.0 

Total 

157 

100.0 

100.0 

100.0 

Statistics 

Mean  5.320      Mode  5.000       Median  5.186       Kurtosis  -0.771 
Std  Dev  1.712  Skewness  0.228  Variance  2.930 

Missing  Observations  7 

VARIABLE  -  CONDITION  OF  NEIGHBORHOOD 
TABLE  52 
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Relative 

Adjusted 

Cumulative 

Absolute 

Frequency 

Frequency 

Adj  Freq 

Value 

Frequency 

(Percent) 

(Percent) 

(Percent) 

1.00 

54 

21.7 

22.7 

22.7 

2.00 

20 

12.7 

13.3 

36.0 

3.00 

24 

15.3 

16.0 

52.0 

4.00 

7 

4.5 

4.7 

56.7 

5.00 

14 

S.9 

9.3 

66.0 

6.00 

6 

3.8 

4.0 

70.0 

7.00 

11 

7.0 

7.3 

77.3 

8.00 

15 

8.3 

8.7 

86.0 

9.00 

19 

12.1 

12.7 

98.7 

10.00 

2 

1.3 

1.3 

100.0 

0.0 

7 

4.5 

Missing 

100.0 

Total 

157 

100.0 

100.0 

100.0 

Statistics 

Mean  4.347      Mode  1.000       Median  3.375       Kurtosis  -1.288 
Std  Dev  2.936  Skewness  0.414  Variance  8.6i; 

Missing  Observations  7 

VARIABLE  -  DENSITY  OF  LAND  USE 
TABLE  33 
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studies,  it  is  believed  that  some  control  should  be  introduced  if 
industry  presently  exists  in  the  vicinity  of  the  site  surveyed. 

It  was  posited  that  designated  industrial  park  space  would  be  a 
strong  variable  in  industrial  site  selection.   Only  37  percent  of  the 
industry  located  in  industrial  parks  (Table  34) .   However,  many 
recent  industries  have  located  in  industrial  parks  indicating  a  trend 
toward  such  locations. 

Additional  data  concerning  industrial  park  quality  was  collected 
but  not  included  in  the  analysis  because  of  the  high  percentage  of 
missing  observations  (65.1  percent).   Table  55,  however,  indicated 
the  distribution  of  the  data  collected. 

Finally,  three  additional  variables  were  included  in  the  analy- 
sis.  These  were:   (1)  Proximity  of  site  to  Knoxville;  (2)  Amount 
of  other  industry  located  nearby:  and  (3)  Was  a  suitable  building 
already  there?   (Tables  36,  57,  and  38). 

Proximity  to  Knoxville  was  included  to  determine  if  sites  ori- 
ented toward  Knoxville  had  an  impact  on  the  process.   Some  effect  is 
indicated  (low  values  =  orientation  toward  Knoxviiie)  but  a  large 
percent  of  the  sample  came  from  the  Knoxville  vicinity.   In  any  sub- 
sequent study  the  Knoxville  sample  will  be  eliminated  from  the 
analysis . 

The  existence  of  a  suitable  building  at  the  site  seems  to  have 
influenced  the  decision  process  to  some  extent  (30  percent) .   Also 
the  amount  of  industry  nearby  seems  to  have  influenced  location 
decisions . 
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Relative 

Adjusted 

Cumulative 

Absolute 

Frequency 

Frequency 

Adj  Freq 

Value 

Frequency 

(Percent) 

(Percent) 

(Percent) 

1.00 

18 

11.5 

12.2 

12.2 

2.00 

8 

5.1 

5.4 

17.6 

5.00 

8 

5.1 

5.4 

23.0 

4.00 

7 

4.5 

4.7 

27.7 

5.00 

11 

7.0 

7.4 

35.1 

6.00 

11 

7.0 

7.4 

42.6 

7.00 

15 

9.6 

10.1 

52.7 

8.00 

21 

13.4 

14.2 

66.9 

9.00 

22 

14.0 

14.9 

81.8 

10.00 

27 

17.2 

18.2 

100.0 

0.0 

9 

5.7 

Missing 

100.0 

Total 

157 

100.0 

100.0 

100.0 

Statistics 

Mean  6.405      Mode  10.000      Median  7.233       Kurtosis  -1.066 
Std  Dev  3.079  Skewness  -0.525  Variance  9.481 

Missing  Observations  9 

VARIABLE  -  NEARBY  COMMUNITY  SERVICES 
TABLE  34 
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Value 

Absolute 
Frequency 

Relative 
Frequency 
(Percent) 

Adjusted 
Frequency 
(Percent) 

Cumulative 
Adj  Freq 
(Percent) 

1.00 

58 

56.9 

57.2 

57.2 

10.00 

98 

62.4 

62.8 

100.0 

0.0 

1 

0.6 

Missing 

100.0 

Total 

157 

100.0 

100.0 

100.0 

Statistics 

Mean  6.654      Mode  10.000      Median  0.0 
Std  Dev  4.564  Skewness  -0.551 

Missing  Observations  1 


Kurtosis  -1.719 
Variance  19.041 


VARIABLE  -  WAS  THE  SITE  IN  AN  INDUSTRIAL  PARK? 
T/VBLE  55 
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Relative 

Adjusted 

Cumulative 

Absolute 

Frequency 

Frequency 

Adj  Freq 

Value 

Frequency 

(Percent) 

(Percent] 

(Percent) 

1.00 

8 

5.1 

13.8 

13.8 

2.00 

9 

5.7 

15.5 

29.3 

3.00 

11 

7.0 

19.0 

48.3 

4.00 

14 

8.9 

24.1 

72.4 

5.00 

9 

5.7 

15.5 

87.9 

6.00 

4 

2.5 

6.9 

94.8 

7.00 

3 

1.9 

5.2 

100.0 

0.0 

99 

63.1 

Missing 

100.0 

Total 

157 

100.0 

100.0 

100.0 

Statistics 

Mean  3.534      Mode  4.000       Median  3.571       Kurtosis  -0.681 
Std  Dev  1.667  Skewness  0.191  Variance  2.779 

Missing  Observations  99 

VARIABLE  -  WHAT  WAS  THE  QUALITY  OF  THE  PARK? 
TABLE  36 
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Kelatj  ve 

Adjusted 

Cumulative 

Absolute 

Frequency 

Frequency 

Adj  Freq 

Value 

Frequency 

(Percent) 

(Percent) 

(Percent) 

1.00 

16 

10.2 

in. 2 

10.2 

2.00 

29 

18.5 

18.5 

28.7 

3.00 

29 

18.5 

18.5 

47.1 

4.00 

26 

16.6 

16.6 

63.7 

5.00 

S 

5.1 

5.1 

68. 8 

6.00 

7 

4.5 

4.5 

73.2 

7.00 

12 

7.6 

7.6 

80.9 

8.00 

15 

9.6 

9.6 

90.4 

9.00 

10 

6.4 

6.4 

96.8 

10.00 

5 

3.2 

3.2 

100.0 

0.0 

0 

0.0 

Missing 

100.0 

Total 

157 

100.0 

100.0 

100.0 

Statistics 

Mean  4.401      Mode  2.000       Median  3.673       Kurtosis  -0.876 
Std  Dev  2.628  Skewness  0.594  Variance  6.908 

Missing  Observations  0 

VARIABLE  -  PROXIMITY  TO  KNOXVILLE 
TABLE  37 
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Value 

Absolute 
Frequency 

Relate 

Freq_<enc 
(Percent 

e        Adjusted 
.>'       Frequency 
)       (Percent) 

Cumulative 
Adj  Freq 
(Percent) 

1.00 

30 

19.1 

19.4 

19.4 

2.00 

9 

5.7 

5.8 

25.2 

3.00 

10 

6.4 

6.5 

31.6 

4.00 

6 

5.8 

3.9 

35.5 

5.00 

14 

8.9 

9.0 

44 . 5 

6.00 

8 

5.1 

5.2 

49.7 

7.00 

12 

7.6 

7.7 

57.4 

8.00 

21 

13.4 

13.5 

71.0 

9.00 

13 

8.3 

8.4 

79.4 

10.00 

32 

20.4 

20.6 

100.0 

0.0 

2 

1.5 

Missing 

100.0 

Total 

157 

100.0 

100.0 

100.0 

Statistics 

Mean  5.865      Mode  10.000      Median  6.542       Kurtosis  -1.439 
Std  Dev  3.365  Skewness  -0.254  Variance  11.326 

Missing  Observations  2 

VARIABLE  -  AMOUNT  OF  OTHER  INDUSTRY  LOCATED  NEARBY 
TABLE  38 
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Results  of  the  Factor  Analysis 

The  SPSS  factor  analysis  procedures  were  discussed  in  the  pre- 
ceding chapter  and  will  not  be  repeated  here.   Table  39  presents  the 
correlation  coefficient  matrix  for  27  variables  utilized  in  the 
factor  analysis.  Correlation  values  greater  than  _+.50  are  considered 
to  be  significant.   In  general,  the  values  associated  with  each  pair 
of  variables  agrees  with  theoretical  expectations. 

Eigen  values  associated  with  the  initial  factor  matrix  are  found 
in  Table  40.   The  eigen-values  represent  the  proportion  of  the  stan- 
dardized total  variance  (27)  accounted  for  by  each  factor.   The  SPSS 
factor  analysis  routine  automatically  stops  extracting  factors  when 
the  eigen-value  for  a  factor  falls  below  one.   This  assures  that  only 
factors  accounting  for  at  least  the  average  total  variance  (1/27)  will 
be  treated  as  significant.   In  this  case  seven  factors  were  extracted 
accounting  for  72  percent  of  the  original  variance. 

Some  explanation  of  the  "loadings"  or  "scores"  found  in  the 
factor  matrix  is  necessary  before  discussing  the  results  of  this 
analysis.   Scores  found  in  the  factor  matrix  are  evaluated  similar  to 
correlation  or  regression  coefficients.   Values  may  range  from  +1  to 
-1.   The  greater  the  absolute  value  of  the  score,  the  greater  the 
relationship  between  the  factor  and  the  variable.   The  level  at  which 
factor  loadings  may  be  considered  as  significant  is  open  to  question. 
Most  statisticians  suggest  that  loadings  greater  than  .50  should  be 
considered  significant.   Ideally,  only  a  small  number  of  variables 
should  load  significantly  on  more  than  one  column  in  the  matrix. 
Variables  loading  on  more  than  one  factor  complicate  the  interpretation 
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Factor  Eigen  Value         Pet.  of  Var.         Cum.  Pet. 

1  7.79292 

2  3.02117 

3  2.02117 

4  1.87910 

5  1.758S5 

6  1.39755 

7  1.17964 

8  0.94247 

9  0.84998 

10  0.75369 

11  0.67677 

12  0.56666 

13  0.53530 

14  0.42438 

15  0.37718 

16  0.35815 

17  0.33950 

18  0.32075 

19  0.28415 

20  0.23591 

21  0.18443 

22  0.17080 
25  0.15223 

24  0.12058 

25  0.10901 

26  0.07168 

27  0.01322 


28.9 

28.9 

11.2 

40.1 

9.2 

49.3 

7.0 

56.2 

6.5 

62.7 

5.2 

67.9 

4.4 

72.3 

3.5 

75.8 

3.1 

78.9 

2.8 

81.7 

2.5 

84.2 

2.1 

86.3 

2.0 

88.3 

1.6 

89.9 

1.4 

91.3 

1.3 

92.6 

1.3 

93.8 

1.2 

95.0 

1.1 

96.1 

0.9 

97.0 

0.7 

97.6 

0.6 

98.3 

0.6 

98.8 

0.4 

99.3 

0.4 

99.7 

0.3 

100.0 

0.0 

100.0 

EICON-VALUES 

TABLE  40 
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of  factors.   Columns  with  a  high  number  of  significant  loadings  should 
have  at  least,  as  many  near  zero  loadings  as  the  number  of  factors 
derived . 

Attention  is  directed  to  a  comparison  between  the  unrotated 
factor  matrix  (Table  41)  and  the  rotated  factor  matrix  (Table  42). 
Note  that  rotation  of  the  axis  simplifies  interpretation  of  the 
factors.   In  interpreting  the  rotated  matrix,  the  original  27  vari- 
ables have  been  collapsed  to  seven  factors  accounting  for  72  percent 
of  the  original  variance.   Approximately  20  variables  can  be  identi- 
fied as  significant.   The  following  list  summarizes  the  variables 
which  load  significantly  on  each  factor. 

FACTOR  I5 

ZONED  INDUSTRY 

ZONING  PRESENT 

AMOUNT  OF  OTHER  INDUSTRY  LOCATED  NEARBY 

SEWAGE  AVAILABLE 

PRICE  OF  LAND 

SITE  IN  INDUSTRIAL  PARK 

(INDUSTRY  IN  AREA) 

FACTOR  II 

DISTANCE  TO  AIRPORT 

DISTANCE  TO  WATERWAY 

OVERALL  QUALITY  OF  ACCESSIBILITY-THEN 

PROXIMITY  TO  KNOXVILLE 

FACTOR  III 

DENSITY  OF  LAND  USE 

DISTANCE  TO  CENTER  OF  TOWN 

BUILDING  PRESENT 

(SITE  IN  INDUSTRIAL  PARK) 

(PERCENT  OF  URBAN  AREA  WITHIN  TWO  AND  A  HALF  MILES) 


4 
Nie  and  others,  p.  223. 

5 
Variables  are  listed  from  highest  factor  score  to  lowest. 
Parentheses  indicate  variables  with  questionable  significant  loadings. 
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FACTOR  IV 

D I  STANCH  TO  MAJOR  HIGHWAY 
DISTANCE  TO  NEAREST  INTERSTATE 
GAS  AVAILABILITY 

FACTOR  V 

SLOPE  OF  LAND 
(CLEARING-COVER  CONDITIONS) 

FACTOR  VI 

DISTANCE  TO  RAILWAY 
(LAND  USE  COMPATIBILITY) 

FACTOR  VII 

(DISTANCE  TO  NEAREST  MAJOR  THOROUGHFARE) 

Several  observations  regarding  the  results  of  the  factor  analysis 
should  be  noted.   Firstly,  the  variables  did  not  group  as  previously 
conceived  in  Chapter  II.   This  suggests  that  an  alternate  grouping  of 
variables  to  form  indexes  should  be  considered.   This  is  not  particu- 
larly disturbing  since  the  original  grouping  was  based  upon  a  litera- 
ture search  of  and  not  upon  quantitative  analysis. 

Secondly,  the  first  three  factors  account  for  nearly  half  of  the 
original  variance  in  the  data  (Table  40).   These  factors,  therefore, 
may  be  sufficient  to  capture  the  industrial  land  conversion  process 
provide  appropriate  weights  can  be  found  to  reflect  varying  locational 
preferences  of  specific  industries,   This  would  reduce  the  number  of 
variables  to  be  measured  to  approximately  15. 

Thirdly,  a  designated  or  zoned  place  for  industry  with  some 
industry  already  nearby,  appears  to  be  the  most  important  considera- 
tion in  the  site  selection  process.   This  is  statistically  verified 
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only  for  the  16-county  metropolitan  region  but  such  an  observation  is 
not  inconsistent  with  empirical  studies  noted  In  Chapter  II. 

Finally,  the  remaining  factors,  although  identified  as  statisti- 
cally distinct,  have  a  degree  of  communality  in  that  each  relates  to 
some  aspect  of  accessibility  to  the  site.   This  suggests  that  a  com- 
bined index  of  accessibility  should  be  considered. 

Further  comments  and  recommendations  concerning  the  development 
of  a  site  selection  algorithm  are  found  in  the  final  chapter. 


Chapter  v 
summary  and  conclusions 

Summary 

The  objectives  of  this  research  effort  represent  only  a  portion 
of  a  much  larger  research  goal,  the  identification  of  the  determi- 
nants  affecting  land  use  change.   It  was  decided  to  focus  upon  only 
one  aspect  of  this  problem,  the  conversion  of  land  to  industrial  use. 
The  approach  was  based  upon  the  assumption  that  the  determinants  of 
this  conversion  process  would  be  found  in  the  "market  place,"  where 
land  transactions  among  buyers  and  sellers  occur.   This  research 
directed  toward  only  one  side  of  the  market  transaction  process, 
namely  that  of  the  purchaser's  desires  (in  this  case,  the  industrial 
developer)  in  securing  an  ideal  or  suitable  site.   The  problem  was  to 
identify  the  ideal  qualities,  quantities  or  attributes  desired  in  an 
industrial  site  and  to  formulate  a  general  algorithmic  statement  to 
identify  potential  industrial  sites. 

Research  procedures  involved  the  developing  of  a  list  of  vari- 
ables previously  noted  to  be  related  to  industrial  site  selection  and 
streamlining  the  list  to  a  set  suitable  for  statistical  testing.   Once 
the  list  was  formulated,  measurements  were  obtained  for  a  sample  of 
industries  locating  (or  relocating)  in  the  16-county  Knoxville  metro- 
politan region  in  the  period  from  1950  to  present.   These  data  were 
then  subjected  to  factor  analysis  to  determine  the  interrelations 
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of  variables,  to  minimize  the  list  of  variables  needed  to  describe  the 
industrial  site-selection  process,  and  to  determine  if  the  precon- 
ceived ideas  concerning  the  factors  affecting  the  process  were  valid. 
Seven  factors  accounting  for  72  percent  of  the  variance  found  in  the 
original  data  were  identified.   The  results  suggest  that  a  planned, 
designated  place  for  industry  to  locate  and  accessibility  to  the  site 
are  the  two  most  important  considerations  in  industrial  site-selection 
decisions . 

Conclusions 

In  general  the  objectives  of  this  research  effort  have  been 
accomplished.   Although  it  would  be  desirable  to  conclude  with  a 
specific  mathematical  statement  describing  the  industrial  site  selec- 
tion process,  it  is  simply  not  possible  without  the  refinement  of  the 
analysis  procedures  to  include  more  specific  measures  of  variables  and 
the  inclusion  of  additional  data.   The  following  conclusions,  however, 
have  been  determined. 

Conclusions  Regarding  the  Form  of  the  Site-Selection  Algorithm 

The  27  variables  did  not  group  as  previously  conceived  but 
nevertheless  the  factors  present  a  logical  arrangement  of  variables. 
Factors  II,  IV,  VI,  and  VII  are  almost  singularly  identified  by 
accessibility.   Reexamination  of  the  accessibility  factors  indicates 
they  could  be  combined,  thereby  reducing  the  number  of  indexes  to  two 
or  three.   Apparently,  each  accessibility  variable  possesses  distinct 
qualities  not  common  with  others.   However,  this  does  not  mean  they 
could  not  be  combined  into  a  single  index.   To  compensate  for  the 
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greater  importance  of  specific  accessibility  variables,  weights  might 
be  used  in  building  siting  potential  scores.   When  this  combination  is 
effected,  four  indexes  are  identified:   (1)  a  protected  or  planned 
area  for  industrial  development;  (2)  space  for  industry  to  develop; 
(3)  accessibility  to  transportation  media;  and  (4)  site  preparation 
costs. 

Conclusions  Regarding  the  Proper  Form  of  Model  Operation 

As  suggested  previously,  additional  research  would  produce  a  more 
complete  algorithm  to  simulate  the  industrial  site-selection  process. 
The  factors  identified  in  this  study,  however,  should  form  major  com- 
ponents of  the  algorithm.   There  is  some  question  as  to  whether  it  is 
possible  to  develop  a  completely  deterministic  algorithm.   It  is 
doubtful  that  we  will  ever  be  able  to  predict  the  exact  location  of 
industrial  development;  therefore,  the  selection  of  suitable  indus- 
trial sites  ultimately  should  be  accomplished  through  stochastic 
procedures.   It  is  likely  that  other  types  of  land  use  development 
will  have  to  be  simulated  in  a  similar  manner.   The  algorithm  form 
suggested  in  Chapter  I  which  utilizes  an  aggregation  of  indexes  lends 
itself  to  stochastic  simulation.   This  study  demonstrates  a  way  in 
which  parameters  relevant  to  the  location  process  can  be  determined 
and  thus  incorporated  into  the  algorithm. 

Conclusions  Regarding  the  Use  of  Aerial  Photography  in  Model  Design 

An  ancillary  objective  of  this  analysis  was  that  of  demonstrating 
the  utility  of  aerial  photography  in  compiling  land  use  data  and 
determining  measurements  on  relevant  variables.   A  major  initial 
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problem  in  analyzing  industrial  sites  is  finding  the  site  and  locating 
them  relative  to  specific  grid  coordinates.   Aerial  photography  was 
found  to  be  most  useful  for  locating  industries  and,  consequently, 
reduces  field  work  time  considerably. 

The  imagery  utilized  in  this  study  was  provided  by  NASA-Marshall 
Space  Flight  Center  in  Huntsville,  Alabama.   It  was  flown  at  a  scale 
of  1:24,000.   This  permitted  superimposition  directly  onto  1:24,000 
TVA  maps  and  greatly  simplifying  locational  analysis  procedures.  The 
determination  of  neighborhood  quality  characteristics,  slope  charac- 
teristics, accessibility  characteristics,  and  size  of  the  site  was 
also  facilitated  by  air  photo  interpretation.   In  fact  most  of  the 
variables  identified  by  the  factor  analysis  procedures  may  be  deter- 
mined and  measured  from  aerial  photography. 

It  should  be  stressed  that  the  use  of  aerial  photography  was  not 
a  panacean  solution  to  data  acquisition  problems.   Field  work  and 
ground-truth  surveys  are  always  necessary-   Analyses  of  this  type, 
however,  can  benefit  greatly  from  the  use  of  aerial  photography. 

Conclusions  Regarding  Recommendations  for  Future  Research 

The  data  collection  procedures  and  analysis  procedures  utilized 
in  this  research  task  have  been  proven  to  be  useful  in  attempting  to 
understand  the  industrial  land  conversion  process.   There  is  no  reason 
that  similar  procedures  might  not  be  applied  toward  analyzing  other 
types  of  land  use  conversion  processes. 

One  might  also  consider  variations  of  the  factor  analysis  proce- 
dures to  group  industries  having  similar  locational  preferences  rather 
than  variables.   Insight  acquired  in  this  study  suggests  that  the 
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iocational  criteria  are  regionally  dependent  such  that  differing  -loca- 
tion parameters  may  become  important  in  othei  metropolitan  regions. 
The  procedures  utilized  in  this  study  lend  themselves  to  this  type  of 
analysis.  -The  final  conclusion  is  emphasized:  the  procedures  devel- 
oped  and  utilized  in  this  research  have  a  variety  of  potential  appli- 
cations  to  location  analysis  problems  and  permit  one  to  calibrate  and 
validate  land  use  modeling  algorithms. 
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APPENDIX  A 
SAMPLE  SURVEY  FORM 


SAMPLE  SURVEY  FORM 
Latitude^  _   ___ Longitude_ 

Industry  Name 


ORNL  Industry  No. Date  of  Entry_ 

SJC  No.  Quadrangle 


County Employment  Beginning_ 

City  Employment  Nov/ 


1,  2,  3,  4,  5,  6,  7,  8,  9,  ]0  Slope  of  land 

1,  2,  S,   4,  5,  6,  7,  8,  9,  10  Drainage 

1,  2,  3,  4,  5,  6,  7,  8,  9,  10  C 3  earing- cover  conditions 

1,  2,  5,  4,  5,  6,  7,  8,  9,  10  Distance  to  center  of  town 

1,  2,  5.  4,  5,  6j  7,  8,  9,  10  Distance  to  nearest  major  throughfare 

1,  2,  3,  4;  5,  6,  7,  8,  9,  10  Density  of  land  use  in  immediate 

vicinity 

1,  2,  3,  4,  5,  6,  7,  S,  9,  10  Rating  of  price  of  land 

1,  2,  3,  4,  5,  6,  7,  8,  9,  10  Percent  of  urban  area  within  2-1/2 

1,  2,  3,  4,  5.  6,  7,  8,  9,  10  Distance  to  major  highway 

1,  2,  3,  4,  S,  6,  7,  8,  9,  10  Distance  to  secondary  road 

1,  2,  5,  4,  5,  o.  7,  8,  3,  10  Distance  to  railway 

].,  2,  3,  4 ,  5,  6.  7,  8,  9,  10  Distance  to  airport 

3,  2.  3,  4,  5.  6,  7,  8,  9,  10  Distance  to  waterway 

1,  2,  3,  4,  5,  6,  7,    8,  9,  10  Distance  to  nearest  Interstate 

1.  2,  3.,  4,  5,  6,  7,  8,  9,  10  Overall  quality  of  accessibility  (then) 

1.  2 ,  3,  4,  5,  6,  7,  S,  9,  10  Overall  quality  of  accessibility  (now) 
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1,  2,  3,  4,  5,  &,  7,  S,  9,  10  City  water  availability 

1,  2,   3,  4,  5,  6,  7,  8,  9,  10  Gas  availability 

I,    /. ,    3.  4,  5,  6,  7,  8,  9,  10  City  sewage  availability 

1,  2,  5,  4,  5,  6,  7 ,  8,  9,  10  Was  it  zoned  for  industry? 

ij  2,   3,  4,  5,  6,  7,  8,  9,  10  Was  industry  already  in  area? 

1,  2,  5,  4,  5,  6,  7,  8,  9,  10  Overall  rating  of  contiguous  land,  use 

1,  2,  3,  4,  5,  6,  7,  8,  9,  10  Condition  of  neighborhood 

1.  2,  3,  4,  5,  6,  7,  8,  9,  10  Nearby  community  services 

1,  2,  3,  4,  5,  6,  7,  8,  9,  10  Was  the  site  in  an  industrial  park? 

1,  2,  3,  4,  5,  6,  7,  8;  9,  10  What  .-as  the  quality  of  the  site? 

1,  2,  3,  4,  R,  6,  7,  85  9.,  10  Proximity  to  Knoxville 

1,  2,    5,    4,  5,  6,  7,  8,  9,  10  Amount  of  other  industry  located 

nearby 

1,    2,    3,   4,   5,  6,  7,  8,  9,  10  Was   a   building   already  there17 
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MAP  OVERLAYS 
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